CLAIMS: 

/ 

/ 

/ 

1 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources \p at least one portion of the 

5 formation; 

allowing the heat to transfer from the one ofi more heat sources to a selected 
section of the formation; 

controlling the heat from the one or mord heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
10 about 375 °C; and 

producing a mixture from the formaticfn. 

2. The method of claim 1 , wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

15 pyrolyzes at least some coal within the selected section of the formation. 

3. The method of claim 1, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

20 

4. The method of claim 1, where/n the one or more heat sources comprise electrical 
heaters. 

/ 

5. The method of claim 1, wherein the one or more heat sources comprise surface 
25 burners. 



/ 

6. The method of claim 1, \yherein the one or more heat sources comprise flameless 

/ 

distributed combustors. / 

/ 

I 

30 7. The method of claim l,| wherein the one or more heat sources comprise natural 



distributed combustors. 
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8. The method of claim 1, further comprising controlling a pressure and a 
temperature within at least a majority of the selectid section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

9. The method of claim 1, further composing controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. / 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. 



!;015 1 1 . The method of claim 1, further comprising controlling the heat such that an 

average heating rate of the selected section is less than about 1 °C per day during 
P pyrolysis. 



20 



25 



30 



12. The method of claim 1, where jfn providing heat from the one or more heat sources 
to at least the portion of formation comprises: 

heating a selected volume (Vj of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some coal within /the selected volume of the formation; and 

wherein heating energy/dav provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heatinfe energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 



/ 
/ 

5 14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, wherein the produced mixture comprises condensable 
10 hydrocarbons having an API gravity of at least about 25°. 

s / 

i!8 16. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by/weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

IBs 

s =2 1 7. The method of claim 1 , wherein the produced mixture comprises non-condensable 

;P hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
y / 
E hydrocarbons ranges from about 0.001 jo about 0.15. 

20 18. The method of claim 1, whereifi the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 f/o by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefin^. 

19. The method of claim 1, whefein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tpan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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2 1 . The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/Jby weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is sulf 



in 



10 23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abqiit 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



p 24. The method of claim 1 , wherein the produced mixture comprises condensable 
! =8 15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
Q hydrocarbons comprises multi-ring aromatics with more than two rings. 



20 



25. The method of claim 1, whereih the produced mixture comprises condensable 
hydrocarbons, and wherein less than ^(bout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 
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26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non- 
condensable component, whereiii the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater pan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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28. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



29. The method of claim 1, wherein the produced mixture comprises ammonia, and 

wherein the ammonia is used to produce fertilizer. ^ 

/ 

/ 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



10 

□ 31. The method of claim 1 , further comprising controlling formation conditions such 

i i q that the produced mixture comprises a partial pressure of H2 within the mixture greater 

: ^ than about 0.5 bar. 

1 :eE 

r§5 32. The method of claim 3 1 , whe/ein the partial pressure of H2 is measured when the 
^ mixture is at a production well. 

*! 

['is 

: S 33. The method of claim 1, wherein controlling formation conditions comprises 
i'3 recirculating a portion of hydrogeij from the mixture into the formation. 
20 

34. The method of claim 1 , fiirther comprising altering a pressure within the 
formation to inhibit production off hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 35. The method of claim 1 J further comprising: 

providing hydrogen to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tHe section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



37. The method of claim 1, wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to greater than about 100 millidarcy. 



38. The method of claim 1, wherein allowjng the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



40. The method of claim 1, whereinmroducing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

41 . The method of claim 1, furthfer comprising providing heat from three or more heat 
sources to at least a portion of the fibrmation, wherein three or more of the heat sources 
are located in the formation in a iqlit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in k unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern/ and wherein a plurality of the units are repeated over an 



area of the formation to form 



43 . The method of claim 
gas stream and a liquid strealn 



a repetitive pattern of units. 



further comprising separating the produced mixture into a 



223 



Conley, Rose & Tayon, P.C. 



44. The method of claim 1, further comprising separating the produced mixture into a 
gas stream and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 



45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim 1 , wherein the produced mixture comprises CO2, the method 

1 

further comprising separating a portion of the CO2 from non-condensable hydrocarbons. 

47. The method of claim 1 , whereiri the mixture is produced from a production well, 
wherein the heating is controlled suctythat the mixture can be produced from the 
formation as a vapor. 

48. The method of claim 1, wherein the mixture is produced from a production well, 
the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

49. The method of claim 1, ^herein the mixture is produced from a production well, 
wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce me mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas jcomponent and H2. 

50. The method of claim jl, wherein the minimum pyrolysis temperature is about 270 
°C. 



5 1 . The method of claim 1 , further comprising maintaining the pressure within the 



formation above about 2.0 
numbers above 25. 



>ar absolute to inhibit production of fluids having carbon 



\ 
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52. The method of claim 1, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 1 00 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 

/ 

53. The method of claim 1 , further comprising controlling pressure within the 

/ 

formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a coal formation in situ, comprising: 
providing heat from one or qnore heat sources to at least a portion of the 

formation; 

allowing the heat to transfef from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation; and 

producing a mixture fronj the formation. 

55. The method of claim 54/ wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method of claim q4, wherein the one or more heat sources comprise electrical 
heaters. 



57. The method of claim 
burners. 



54, wherein the one or more heat sources comprise surface 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributed combustors. 

59. The method of claim 54, wherein the one or more heat sources comprise natural 
distributed combustors. 

60. The method of claim 54, further comprising controlling a pressure and a 
temperature within at least a majority of th^ selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

61 . The method of claim 54, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 ° C per day during 
pyrolysis. / 

62. The method of claim 54, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (y) of the coal formation from the one or more heat 
sources, wherein the formation had an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbbns within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/ equation: 

Pwr = h*V*C v *p B i 

wherein Pwr is the hearaig energy/day, h is an average heating rate of the 
formation, p B is formation bulki density, and wherein the heating rate is less than about 10 
°C/day. / 

63. The method of claim 54, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

/ 

67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 5% wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



Conley, Rose & Tayon, P.C. 



71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



5 72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wixh more than two rings. 



10 
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73. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0./3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

74. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byf weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



20 



75. The method of claim 54, wherein the produced mixture comprises a non- 
condensable component, wherein they non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 



76. The method of claim 54, Avherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

77. The method of claim 5ft, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used /to produce fertilizer. 



78. The method of claimf 54, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

/ 

8 1 . The method of claim 54, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons |rom the formation having carbon 
numbers greater than about 25. 

82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation 



/ 

1 

83. The method of claim 54, further comprising: 
providing hydrogen (H2) to the Ideated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectioi/ with heat from hydrogenation. 

84. The method of claim 54, whirein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the metfiod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

85. The method of claim 54, Avherein allowing the heat to transfer comprises 
increasing a permeability of a n/ajority of the selected section to greater than about 100 
millidarcy. 



86. The method of claim 34, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

89. The method of claim 54, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

90. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, And wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

91 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

heating the selected section such that a thermal conductivity of at least a portion 
of the selected section is greater than about 0.5 W/(m °C). 

92. The method of claim 91, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 



The method of claim 91, wherein the one or more heat sources comprise electrical 



heaters. 



95. The method of claim 91, wherein the one oj/more heat sources comprise surface 
burners. 

96. The method of claim 91, wherein the oj£e or more heat sources comprise flameless 
distributed combustors. 

97. The method of claim 91, wherein thjz one or more heat sources comprise natural 
distributed combustors. 

98. The method of claim 91, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functioryof temperature, or the temperature is controlled as 
a function of pressure. 

99. The method of claim 91, further comprising controlling the heat such that an 
average heating rate of the selectecy section is less than about 1 °C per day during 
pyrolysis. 



1 00. The method of claim 9 1 , 
sources to at least the portion of 
heating a selected volum£ 
sources, wherein the formation 
pyrolyzes at least some hydrocafbons 



vherein providing heat from the one or more heat 
brmation comprises: 

(V) of the coal formation from the one or more heat 
an average heat capacity (C v ), and wherein the heating 
within the selected volume of the formation; and 



has 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



/ 



101. The method of claim 9 1 , wherein allowing the he^t to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least aboitt 25°. 

103. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by we/ght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

104. The method of claim 91 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein ^molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from a/bout 0.001 to about 0.15. 

105. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



106. The method of claim 91, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



109. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



110. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



111. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 013 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



112. The method of claim 91, wherein pe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by/weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkabes. 



113. The method of claim 91, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 
component, and wherein the hydrogpi is less than about 80 % by volume of the non- 
condensable component. 
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1 14. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

116. The method of claim 9 1 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 



117. The method of claim 9 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons .and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar/ 

118. The method of claim 117, wherein die partial pressure of H2 is measured when the 
mixture is at a production well. / 

1 1 9. The method of claim 9 1 , furthe/ comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

121. The method of claim 91 , further comprising: 

providing hydrogen (M2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of Ahe section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 23 . The method of claim 9 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

124. The method of claim 91 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

126. The method of claim 91, wherein producing the mixture comprises producing the 
mixture in a production well, and whereiiyat least about 7 heat sources are disposed in the 
formation for each production well. / 

1 27. The method of claim 9 1 , furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

128. The method of claim 91, fipher comprising providing heat from three or more 
heat sources to at least a portion or the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/ form a repetitive pattern of units. 

129. A method of treating afcoal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

/ 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at l^ast 2.0 bar; and 

producing a mixture from the formation, ywherein about 0.1 % by weight of the 
produced mixture to about 1 5 % by weight of the produced mixture are olefins, and 
wherein an average carbon number of the produced mixture ranges from 1-25. 

130. The method of claim 129, wherein tip one or more heat sources comprise at least 
two heat sources, and wherein superpositioja of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 129, wherein controlling formation conditions comprises 
maintaining a temperature within the se/ected section within a pyrolysis temperature 
range. 

132. The method of claim 129, whprein the one or more heat sources comprise 
electrical heaters. 

133. The method of claim 129, ^herein the one or more heat sources comprise surface 
burners. 



134. The method of claim 1 29, 
flameless distributed combustors. 



wherein the one or more heat sources comprise 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 



136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



137. The method of claim 129, further comprising controlling the heat such that an 
10 average heating rate of the selected section is le(s than about 1 °C per day during 

□ pyrolysis. j 

I / 

; p 138. The method of claim 129, wherein providing heat from the one or more heat 

M / 

tt p sources to at least the portion of formation comprises: 

Ms heating a selected volume (V) of th£ coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

. p pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

rij . / 

: ~ wherein heating energy/day provided to the volume is equal to or less than Pwr, 

□ wherein Pwr is calculated by the equation: 
5 20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 139. The method of claim 1 29, 
transferring heat substantially by 



30 



^herein allowing the heat to transfer comprises 
Conduction. 



140. The method of claim 129 
sources comprises heating the selected 
a portion of the selected section i 



wherein providing heat from the one or more heat 

section such that a thermal conductivity of at least 
greater than about 0.5 W/(m °C). 
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141. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

143. The method of claim 129, wherein the r/roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

144. The method of claim 129, wherein Ahe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % toy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 129 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein thcproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

— / 

^^^^ i 

150. The method of claim 129, wherein the produc^i mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to atiout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

151. The method of claim 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less pan about 80 % by volume of the non- 
condensable component. / 

152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

155. The method of claim 1 54, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 
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156. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



157. The method of claim 129, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



/ 



A 



158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least/a portion of the produced hydrogen. 



159. The method of claim 129, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of th© selected section to greater than about 100 
millidarcy. / 

160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a perjneability of a majority of the selected section. 

161 . The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

162. The method of claim 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



163. The method of claim 12(9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

/ 

165. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 



166. The method of claim 129, further cornprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

167. The method of claim 129, where/n the produced mixture comprises H2S, the 
method further comprising separating sf portion of the H2S from non-condensable 
hydrocarbons. 

168. The method of claim 129, wherein the produced mixture comprises CC>2 5 the 
method further comprising separat^ig a portion of the CO2 from non-condensable 
hydrocarbons. 

169. The method of claim 129/, wherein the mixture is produced from a production 
well, wherein the heating is con/rolled such that the mixture can be produced from the 
formation as a vapor. 



1 70. The method of claim 1 
well, the method further comtinsin; 
condensation of the mixture within 



9, wherein the mixture is produced from a production 
ing heating a wellbore of the production well to inhibit 
the wellbore. 
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171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H2. 

172. The method of claim 129, wherein the minimum pyrolysis temperature is about 



270' 



/ 



173. The method of claim 129, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 



174. The method of claim 129, furthey comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the^ressure is increased to increase production of non- 
condensable fluids. 

175. The method of claim 129,/fiirther comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 



1 76. A method of treating af coal formation in situ, comprising: 

providing heat from 0 le or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 
producing a mixture from the formation. 

177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production located in the formation. 

179. The method of claim 176, wherein the oJc or more heat sources comprise at least 
two heat sources, and wherein superposition of/heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

180. The method of claim 176, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

181. The method of claim 1 76, wherein the one or more heat sources comprise 
electrical heaters. / 

182. The method of claim 176, wherein the one or more heat sources comprise surface 
burners. / 

183. The method of claim 176, wlJerein the one or more heat sources comprise 
flameless distributed combustors. 



184. The method of claim 176, wjierein the one or more heat sources comprise natural 
distributed combustors. 
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185. The method of claim 176, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



1 86. The method of claim 1 76, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 87. The method of claim 1 76, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the ^bal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatiop: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



188. The method of claim 176, wperein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



189. The method of claim 176, /wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



, wherein the produced mixture comprises condensable 
of at least about 25°. 



1 90. The method of claim 1 7)5 
hydrocarbons having an API grjavity 
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191 . The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



192. The method of claim 176, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



193. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about yl % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

195. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than alsout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



/ 
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198. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



199. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



200. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane^. 



20 1 . The method of claim 1 76, wherein the produced mixture comprises a non- 
condensable component, wherein the n^n-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



202. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 °/<Jby weight of the produced mixture is ammonia. 

203. The method of claim 176/ wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to roroduce fertilizer. 



204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Ft, wherein a partial pressure of H2 
within the mixture is greater tpan about 0.5 bar. 

205. The method of claim 204, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



208. The method of claim 176, further comprising: 

/ 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

3 heating a portion of the section with heat from hydrogenation. 



; : ^ 209. The method of claim 176, wherein thef produced mixture comprises hydrogen and 
:: p condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
s-Ss produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

:i / 
. :ss. / 

/ 

fi g 210. The method of claim 176, wherein allowing the heat to transfer comprises 

i : y / 

1 z increasing a permeability of a majority of the selected section to greater than about 100 

i tkn 

: 

M millidarcy. 

; 20 

211. The method of claim 176, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 

212. The method of claim 176, iurther comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

213. The method of claim 17©, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 



30 



sources are disposed in the for 



ation for each production well. 



214. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and j 

producing a mixture from the formation. 

215. The method of claim 214, wherein me one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons w^hin the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature within the/selected section within a pyrolysis temperature 
range. 

217. The method of claim 214, ^herein the one or more heat sources comprise 
electrical heaters. 

218. The method of claim 21^, wherein the one or more heat sources comprise surface 
burners. 

219. The method of claim 2 14, wherein the one or more heat sources comprise 
flameless distributed combustors. 

220. The method of claim 2(14, wherein the one or more heat sources comprise natural 
distributed combustors. 
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221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abojit 1 °C per day during 
pyrolysis. 



m 



10 223. The method of claim 214, wherein providing neat from the one or more heat 
3 sources to at least the portion of formation comprises: 

heating a selected volume (J 7 ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
::p pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

pa / 

I kl5 wherein heating energy/day provided jo the volume is equal to or less than Pwr, 

! ;_ wherein Pwr is calculated by the equation: 

I Pwr = h*V*C y *p B 

S wherein Pwr is the heating energy/aay, h is an average heating rate of the 

5 formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 10 

20 °C/day. 



224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 225. The method of claim 214, herein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 



226. The method of claim 214, 
30 hydrocarbons having an API gravity 



wherein the produced mixture comprises condensable 
of at least about 25°. 
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227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.Opi to about 0.15. 

230. The method of claim 214, wherein the /produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ^itrogen. 

23 1 . The method of claim 214, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about & % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



236. The method of claim 214, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 fA by weight of the condensable 
;«i hydrocarbons are asphaltenes. 



, ; p 237. The method of claim 2 1 4, wherein tfte produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

fSB J 

;*5 condensable hydrocarbons are cycloalkaijfes. 

' p 238. The method of claim 214, wherein the produced mixture comprises a non- 
i U condensable component, wherein the non-condensable component comprises hydrogen, 
q wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
20 component, and wherein the hydroge/i is less than about 80 % by volume of the non- 
condensable component. 

239. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

25 

240. The method of claim 2 14 J wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

241. The method of claim 214, wherein controlling the heat further comprises 
30 controlling the heat such that coke production is inhibited. 
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242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

243. The method of claim 242, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen frony the mixture into the formation. 

246. The method of claim 214, further comprising: 
providing hydrogen (H2) to tfye heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

247. The method of claim 2 14/ wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. The method of claim ^14, wherein allowing the heat to transfer comprises 
increasing a permeability of majority of the selected section to greater than about 100 
millidarcy. 



249. The method of claim 
substantially uniformly increasing 



214, wherein allowing the heat to transfer comprises 

a permeability of a majority of the selected section. 



\ 
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250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

25 1 . The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at Wast about 7 heat sources are disposed in 
the formation for each production well. 



10 



252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



„P 253. The method of claim 214, further comprising providing heat from three or more 
: p heat sources to at least a portion of the formation, wherein three or more of the heat 

6 sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

! 2 over an area of the formation to form a/repetitive pattern of units. 

;P 254. A method of treating a coal formation in situ, comprising: 

□ / 

[20 providing heat from one or m<pre heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from thjb formation, wherein at least a portion of the mixture 
25 is produced during the pyrolysis anp the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressure witljin at least a majority of the selected section above 
about 2.0 bar absolute. 



30 255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

257. The method of claim 254, wherein the one or more heat sources comprise 



electrical heaters. 



n 



258. The method of claim 254, wherein the one or more heat sources comprise surface 
burners. 

259. The method of claim 254, wherein the/one or more heat sources comprise 
flameless distributed combustors. 

260. The method of claim 254, wherein jChe one or more heat sources comprise natural 
distributed combustors. 

261. The method of claim 254, further^ comprising controlling the pressure and a 
temperature within at least a majority oflthe selected section of the formation, wherein 
the pressure is controlled as a function pf temperature, or the temperature is controlled as 
a function of pressure. 

262. The method of claim 254, furt/her comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



263. The method of claim 254, wherein providing heat from the one or more heat 
sources to at least the portion of for nation comprises: 

0 of the coal formation from the one or more heat 
an average heat capacity (C v ), and wherein the heating 



heating a selected volume ( 
sources, wherein the formation has 



pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

264. The method of claim 254, wherein allowing th& heat to transfer comprises 
transferring heat substantially by conduction. / 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the/produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



267. The method of claim 254, wherein 
hydrocarbons, and wherein about 0.1 % b} 
condensable hydrocarbons are olefins. / 



fie produced mixture comprises condensable 
weight to about 1 5 % by weight of the 



268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges froni about 0.001 to about 0.15. 
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270. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

271. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



272. The method of claim 254, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. * 



15 



273. The method of claim 254, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight tp about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenols. 



20 



274. The method of claim 254, wherein/ the produced mixture comprises condensable 
hydrocarbons, and wherein greater than efbout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring a^omatics with more than two rings. 

276. The method of claim 254, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^ti about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



\ 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 



279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of tile produced mixture is ammonia. 



280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



28 1 . The method of claim 254, wherein tfyfe pressure is measured at a wellhead of a 
production well. 

282. The method of claim 254, whereir/the pressure is measured at a location within a 
wellbore of the production well. 

283. The method of claim 254, wherein the pressure is maintained below about 100 bar 
absolute. 



284. The method of claim 254, furiher comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than at/out 0.5 bar. 



285. The method of claim 284, m 
mixture is at a production well. 



lerein the partial pressure of H2 is measured when the 
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286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculatiijg_a portion of hydrogen from the mixture /into the formation. 



CI 



III 



10 
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288. The method of claim 254, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

heating a portion of the section with he&t from hydrogenation. 

289. The method of claim 254, wherein tlie produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 



20 



290. The method of claim 254, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. 



291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 292. The method of claim 254,/further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



293. The method of claim 254, wherein producing the mixture comprises producing 



the mixture in a production we 



30 the formation for each production well 



, and wherein at least about 7 heat sources are disposed in 
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294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wher/in a plurality of the units are repeated 

hoover an area of the formation to form a repetitiv^ pattern of units. 

296. A method of treating a coal formation/in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

15 allowing the heat to transfer from tjhe one or more heat sources to a selected 

section of the formation; 

maintaining a pressure within at /east a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the fibrmation, wherein the produced mixture comprises 
20 condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 



25 



30 



297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



298. The method of claim 296 
maintaining a temperature withiji 
range. 



wherein controlling formation conditions comprises 
the selected section within a pyrolysis temperature 
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299. The method of claim 296, wherein the one or more heat sources comprise 
electrical heaters. 



300. The method of claim 296, wherein the one or more heat sources comprise surface 
burners. 

301. The method of claim 296, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 

302. The method of claim 296, wherein the one pr more heat sources comprise natural 
distributed combustors. 

303. The method of claim 296, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section /is less than about 1 °C per day during 
pyrolysis. 



305. The method of claim 296, whereiA providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of/the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day pre vided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

306. The method of claim 296, wherein allowing fihe heat to transfer comprises 
transferring heat substantially by conduction. / 

307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



308. The method of claim 296, wherein ^he produced mixture comprises condensable 
hydrocarbons having an API gravity of ayleast about 25°. 

/ 

309. The method of claim 296, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/j by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins.) 



3 1 0. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wmerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges/from about 0.001 to about 0.15. 



312. The method of claim 296, 



wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. ■ 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

316. The method of claim 296, wherein tip produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



3 1 7. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arcpiatics with more than two rings. 

/ 

3 1 8. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than /about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

319. The method of claim 296, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein about 5 



% by weight to about 30 % by weight of the 



condensable hydrocarbons are cycbalkanes. 

320. The method of claim 296, wherein the produced mixture comprises a non- 
condensable component, wherein t^e non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



321 . The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.3 bar. 

324. The method of claim 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen worn the mixture into the formation. 

327. The method of claim 296, fi irther comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

329. The method of claim 296, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

330. The method of claim 296, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



331. The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



332. The method of claim 296, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well, j 



333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of thef formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

334. The method of claim 296, fiirther comprising providing heat from three or more 
heat sources to at least a portion of /the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



335. A method of treating a coju 



formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1.75. 



336. The method of claim 335, wherein the one or/more heat sources comprise at least 
two heat sources, and wherein superposition of heayfrom at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 

337. The method of claim 335, wherein contro/ling formation conditions comprises 



maintaining a temperature within the selected sefction within a pyrolysis temperature 
range. j 

338. The method of claim 335, wherein thef one or more heat sources comprise 
electrical heaters. / 



339. The method of claim 335, wherein /he one or more heat sources comprise surface 
burners. 

340. The method of claim 335, wherein the one or more heat sources comprise 
flameless distributed combustors. 

341 . The method of claim 335, wheijbin the one or more heat sources comprise natural 
distributed combustors. 



342. The method of claim 335, further 
temperature within at least a majority 



comprising controlling the pressure and a 
of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

344. The method of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the /selected volume of the formation; and 

wherein heating energy/day provided to^the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and ^herein the heating rate is less than about 10 
°C/day. 



345. The method of claim 335, wherein Allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 %by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

350. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0/001 to about 0.15. 

351. The method of claim 335, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ^trogen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons As oxygen. 

353. The method of claim 335, whejrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are Aromatic compounds. 



5 356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



357. The method of claim 335, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % b$ weight of the condensable 
hydrocarbons are asphaltenes. 



358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight' to about 30 % by weight of the 
15 condensable hydrocarbons are cycloalkanes. 



/ 
r 
i 

359. The method of claim 335, wherein the^produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about lib % by volume of the non-condensable 

20 component, and wherein the hydrogen is le^s than about 80 % by volume of the non- 
condensable component. 

360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 / 

/ 

361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 

wherein the ammonia is used to producp fertilizer. 

t 

362. The method of claim 335, further comprising controlling formation conditions to 

I 

30 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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363. The method of claim 335, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

365. The method of claim 335, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

366. The method of claim 335, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with Heat from hydrogenation. 

367. The method of claim 335, wherein pe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons withf at least a portion of the produced hydrogen. 

368. The method of claim 335, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. / 

369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 

370. The method of claim 335, fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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37 1. The method of claim 33 5 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335, further comprising presiding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

373. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

374. A method of treating a coal formation In situ, comprising: 
providing heat from one or more heat/sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
components producible from the formatfion under the same temperature conditions and at 
atmospheric pressure. / 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons Kvithin the selected section of the formation. 
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376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. 

/' 

378. The method of claim 374, wherein the one or mpre heat sources comprise surface 
burners. / 

379. The method of claim 374, wherein the one pr more heat sources comprise 
flameless distributed combustors. 

380. The method of claim 374, wherein the pne or more heat sources comprise natural 
distributed combustors. 

381 . The method of claim 374, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function oy temperature, or the temperature is controlled as 
a function of pressure. 

382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/(F) of the coal formation from the one or more heat 
sources, wherein the formation hks an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocaijbons within the selected volume of the formation; and 



271 



Conley, Rose & Tayon, P.C. 



wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

384. The method of claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 



385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greaterAhan about 0.5 W/(m °C). 



386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about p. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, arid wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



389. The method of clairn 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic' 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

containing compounds comprise phenols. / 

I 
I 

394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about .5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than /about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ab^ut 80 % by volume of the non- 
condensable component. 

399. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of/the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401. The method of claim 374, further Comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about/0.5 bar. 

402. The method of claim 374, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

403. The method of claim 374, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



404. The method of claim 374, further comprising: 



providing hydrogen (H : 
within the section^and 

heating a portion of the 



to the heated section to hydrogenate hydrocarbons 
section with heat from hydrogenation. 
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405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

- - / 

409. The method of claim 374, Wherein producing the mixture comprises producing 
the mixture in a production well, a^id wherein at least about 7 heat sources are disposed in 
the formation for each production/well. 



410. The method of claim 37% further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular /pattern. 

411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



412. A method of treating a coal formation in situ, comprising: 

■ 275 Conley, Rose & Tayon, P C. 



providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % by weight of hydrocarbdns within the selected section of 
the formation; and j 



producing a mixture from the formation. / 



413. The method of claim 412, wherein the/one or more heat sources comprise at least 
two heat sources, and wherein superposition/of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons with/n the selected section of the formation. 



/itl^n 



/ 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the ^elected section within a pyrolysis temperature 
range. 

415. The method of claim 412, ^herein the one or more heat sources comprise 
electrical heaters. 

416. The method of claim 4l£, wherein the one or more heat sources comprise surface 
burners. 

417. The method of claim kl 2, wherein the one or more heat sources comprise 
flameless distributed combustors. 

418. The method of cla^m 412, wherein the one or more heat sources comprise natural 
distributed combustors. 



419. The method of c 



aim 412, further comprising controlling a pressure and a 



temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



,p 

1: 
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420. The method of claim 412, further comprising controlling the heat such that an 
average heating rate of the selected section is less than/about 1 °C per day during 
pyrolysis. 

421. The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume (V)of the coal/formation from the one or more heat 

sources, wherein the formation has an average Meat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided io the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/flay, h is an average heating rate of the 
formation, p B is formation bulk density, apd wherein the heating rate is less than about 10 
°C/day. 

20 422. The method of claim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



423. The method of claim 412, wHerein providing heat from the one or more heat 

/ 

sources comprises heating the selected formation such that a thermal conductivity of at 
25 least a portion of the selected sectic/n is greater than about 0.5 W/(m °C). 

/ 
f 

424. The method of claim 412, (Wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 //o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

430. The method of claim 412, whereby the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



43 1 . The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °/o by weight of the condensable 
hydrocarbons are asphaltenes. / 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaiies. 

436. The method of claim 412, wherein the produced mixture comprises a non- 
condensable component, wherein the Aon-condensable component comprises hydrogen, 
wherein the hydrogen is greater thary about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

437. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.02 % by weight of the produced mixture is ammonia. 

438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used/ to produce fertilizer. 

439. The method of claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 




279 



Conley, Rose & Tayon, P.C. 



m % 



as 



I" 

area 

m 



in 



10 



15 



20 



440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture- of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

441. The method of claim 412, wherein the partial pressure of H2 is measured when the 

mixture is at a production well. / 

/ 

442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the imxture into the formation. 

444. The method of claim 412, further comprising: 
providing hydrogen (H2) to the he^ced section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section With heat from hydrogenation. 

445. The method of claim 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 446. The method of claim 4 1 2, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



447. The method of claim 4 
30 substantially uniformly increas 



2, wherein allowing the heat to transfer comprises 
ng a permeability of a majority of the selected section. 
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448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit of /heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

45 1 . The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the foimation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of /hydrocarbons within the selected section of the 
formation; and / 

producing a mixture from the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. 

453. The method of claim 4;>2, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

456. The method of claim 452, wherein the one or more heat sources comprise surface 
burners. / 

457. The method of claim 452, wherein the on^or more heat sources comprise 
flameless distributed combustors. j 

458. The method of claim 452, wherein thp one or more heat sources comprise natural 
15 distributed combustors. j 

! 

459. The method of claim 452, further/comprising controlling a pressure and a 

/ 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functiory'of temperature, or the temperature is controlled as 
20 a function of pressure. 



460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. j 



25 



461. The method of claim 452, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



462. The method of claim 452, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction., 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



464. The method of claim 452, wherpin the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



465. The method of claim 452, wnerein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



466. The method of claim 452, 
condensable hydrocarbons, and wfterein 
condensable hydrocarbons ranges 



\ /herein the produced mixture comprises non- 

a molar ratio of ethene to ethane in the non- 
from about 0.001 to about 0.15. 



467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



283 



Conley, Rose & Tayon, P C. 




468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur./ 



J* 
•P 
•P 



III 



470. The method of claim 452, wherein the/produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing^ompounds, and wherein the oxygen 
containing compounds comprise phenols./ 

471 . The method of claim 452, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

472. The method of claim 452, vperein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

474. The method of claim 452, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein al 



condensable hydrocarbons aie cycloalkanes. 



30 475. The method of claim 
condensable component, wh 



►out 5 % by weight to about 30 % by weight of the 



452, wherein the produced mixture comprises a non- 
ein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.^ bar. 

480. The method of claim 452, whereir/the partial pressure of H 2 is measured when the 
mixture is at a production well. 



i 

48 1 . The method of claim 452, furth^- comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



482. The method of claim 452, whe 
recirculating a portion of hydrogen from 



483 . The method of claim 452, further 

providing hydrogen (H 2 ) to th^ 
within the section; and 



ein controlling formation conditions comprises 
the mixture into the formation. 



comprising: 
heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 

484. The method of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

*darcy. 



486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of claim 452, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452, whereiy producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



489. The method of claim 452, furttter comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation $n a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

490. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion oflthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pat ern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

\ 
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491 . A method of treating a layer of a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the layer, 

wherein the one or more heat sources are positioned proximate an edge of the layer; 
allowing the heat to transfer from the one or more heat sources to a selected 

section of the layer such that superimposed heat from the one or more heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation; and 
producing a mixture from the formation. 



492. The method of claim 491 , wherein the qne or more heat sources are laterally 
10 spaced from a center of the layer. 

493. The method of claim 491 , wherein t}ie one or more heat sources are positioned in 
a staggered line. 

15 494. The method of claim 491, wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more/neat sources. 

495. The method of claim 491, wherein the one or more heat sources positioned 
20 proximate the edge of the layer can increase the volume of formation undergoing 

pyrolysis per unit of energy input to/the one or more heat sources. 

496. The method of claim 491, yherein the one or more heat sources comprise 
electrical heaters. 

25 

497. The method of claim 491 \ wherein the one or more heat sources comprise surface 
burners. 

498. The method of claim 491 , wherein the one or more heat sources comprise 
30 flameless distributed combustors 
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499. The method of claim 49 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

500. The method of claim 491 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

/ 

50 1 . The method of claim 49 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than/about 1.0 ° C per day during 
pyrolysis. 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selected volume (V) of the coaf formation from the one or more heat 
sources, wherein the formation has an average meat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within trie selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energV/day, h is an average heating rate of the 
formation, ps is formation bulk density, £nd wherein the heating rate is less than about 10 
°C/day. 

503. The method of claim 491 , whetein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



504. The method of claim 49 1 , 



'herein the produced mixture comprises condensable 



hydrocarbons having an API gravity of at least about 25°. 



\ 
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505. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

, / 

I 

507. The method of claim 491, wherein the produ^d mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by j/eight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen/ 

/ 

508. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about Wlby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The method of claim 491 , wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

510. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491 / wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greajfer than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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512. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

5 1 4. The method of claim 49 1 , wherein the produced mature comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 730 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



515. The method of claim 49 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensaple component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bj volume of the non-condensable 
component, and wherein the hydrogen is less tharf about 80 % by volume of the non- 
condensable component. / 

516. The method of claim 49 1 , wherein the ^produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weighyof the produced mixture is ammonia. 

517. The method of claim 49 1 , wherein me produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

518. The method of claim 49 1 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

519. The method of claim 49 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



/ 
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520. The method of claim 5 1 9, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

52 1 . The method of claim 49 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



522. The method of claim 49 1 , further comprising controlling formation conditions, 
10 wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. / 



523 . The method of claim 49 1 , further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
15 within the section; and j 

heating a portion of the section with hfeat from hydrogenation. 



524. The method of claim 491, wherein me produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fumher comprising hydrogenating a portion of the 

20 produced condensable hydrocarbons witty at least a portion of the produced hydrogen. 

525. The method of claim 491, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



25 



526. The method of claim 491, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/ permeability of a majority of the selected section. 



527. The method of claim 491 , further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for' each production well. 



15 



20 



25 



529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit'of heat sources, and wherein the unit of heat 




sources comprises a triangular pattern. 



/ 



530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fomn a repetitive pattern of units. 

531. A method of treating a coal formation in situ, comprising: 
providing heat from one pr more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure knd a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 53 1, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



534. The method of claim 53 1 , wherein the one or more heat sources comprise 
electrical heaters. 



535. The method of claim 53 1 , wherein the one or more heat sources comprise surface 
burners. 



536. The method of claim 53 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. 

537. The method of claim 53 1, wh^ein the one or more heat sources comprise natural 
distributed combustors. 

538. The method of claim 53 1 > further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



539. The method of claim 53 1, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv), and wherein the 
heating pyrolyzes at least sonje hydrocarbons within the selected volume of the 
formation; and 

wherein heating ener&y/day provided to the volume is equal to or less than Pwr, 



wherein Pwr is calculated by 
Pwr = h*V*C v *p B 



the equation: 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

54 1 . The method of claim 531, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/ 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

544. The method of claim 53 1 1 wherein the produced mixture comprises non- 
condensable hydrocarbons, and ^herein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



545. The method of claim 53 1, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 



condensable hydrocarbons ra 



ges from about 0.001 to about 0.15. 



546. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons; and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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547. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1*1 
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548. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim 53 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compo^hds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of claim 53 1 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than abouy20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

551. The method of claim 53 1 , wherein yche produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aronVatics with more than two rings. 



25 



552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than zpout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

553 . The method of claim 53 1 , Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 554. The method of claim 53 1 , 
condensable component, wherein 



wherein the produced mixture comprises a non- 

i he non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

s 

555. The method of claim 531, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

557. The method of claim 53 1, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



558. The method of claim 53 1 , further comprising controlling formation conditions to 

produce a mixture of condensable hydrocarbons apd Hk, wherein a partial pressure of H2 

I 

within the mixture is greater than about 0.5 bar. / 

/ 
/ 
/ 

559. The method of claim 53 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



560. The method of claim 53 1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

561. The method of claim 53 1 , wherein/controlling formation conditions comprises 
recirculating a portion of hydrogen from ttie mixture into the formation. 

562. The method of claim 53 1 , further comprising: 
providing hydrogen (H 2 ) to the h[eated section to hydrogenate hydrocarbons 



within the section; and 

heating a portion of the section 



vith heat from hydrogenation. 
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563 . The method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

565. The method of claim 53 1 , wherein allowing t}(e heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and whereiiyat least about 7 heat sources are disposed in 
the formation for each production well. 

568. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a i/nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iji a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



570. A method of treating a coal 



brmation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following equation for an assessed average temperature (7) in the 
selected section: 

_ [-44000/T + 67] i 
P e 

where p is measured in psia and Tis measured in 0 Kelvin. 

571. The method of claim 570, wherein the API/gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

p = e [-3W00 f +51] 



20 572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 



p = e 



f-22000/T + 38] 



573. The method of claim 570, wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons witnin the selected section of the formation. 



30 



574. The method of claim 570, wherean controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources comprise 
electrical heaters. 
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576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. 



577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 

578. The method of claim 570, wherein the one or more ^eat sources comprise natural 
distributed combustors. 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the tempe/ature is controlled as a function of 
pressure. 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of the selected section is le^fs than about 1 °C per day during 
pyrolysis. 



581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons witinin the selected volume of the formation; and 

wherein heating energy/day prowded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation; 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enirgy/day, h is an average heating rate of the 
formation, p B is formation bulk densijcy, and wherein the heating rate is less than about 10 
°C/day. 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a/thermal conductivity of at least 
a portion of the selected section is greater than about 0.5^W/(m °C). 



10 



584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight tp about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about J. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefjns. 

/ 

/ 

586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a polar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from ab/>ut 0.001 to about 0.15. 



20 587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



30 



589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tman about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. , 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % Ipy weight of the condensable 
hydrocarbons comprises multi-ring aromatics vy'ith more than two rings. 

593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about (X3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

594. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bv weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 
component, and wherein the hydrogjbn is less than about 80 % by volume of the non- 
condensable component. 

596. The method of claim 570, 
wherein greater than about 0.05 °/ 



therein the produced mixture comprises ammonia, and 
by weight of the produced mixture is ammonia. 
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597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



599. The method of claim 570, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



15 601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



20 



602. The method of claim 570, furttter comprising: 

providing hydrogen (H2) to tt^e heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectifon with heat from hydrogenation. 



603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



604. The method of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a ijiajority of the selected section to greater than about 100 
millidarcy. 
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605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
5 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



607. The method of claim 570, wherein producing tiie mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



q 608. The method of claim 570, further comprising providing heat from three or more 

J*( heat sources to at least a portion of the formation, wherein three or more of the heat 

<!= sources are located in the formation in a unit o^heat sources, and wherein the unit of heat 

3 |= sources comprises a triangular pattern. 

# 15 

151 

ii 609. The method of claim 570, further comprising providing heat from three or more 

CJ / 

*p heat sources to at least a portion of the formation, wherein three or more of the heat 

}\ sources are located in the formation in a umit of heat sources, wherein the unit of heat 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
20 over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (7) 
in a substantial part of the heated portion exceeds 270 °C and hydrocarbons are pyrolyzed 
25 within the heated portion of the formation; 

controlling a pressure (p) witpin at least a substantial part of the heated portion of 
the formation; 

v,h^mp bar >e [( - A/T) + B ^ 26744 J 
wherein p is the pressure in 
30 and A and B are parameters that an ; 



3ar absolute and T is the temperature in degrees K, 
larger than 10 and are selected in relation to the 
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characteristics and composition of the coal formation and on the required olefin content 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 



611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 



612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 

less than 25 and comprise less than 10 % by jweight of olefins. 

I- 
j 

i 

613. The method of claim 610, wherein^ is less than about 390 °C, p is greater than 
about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
produced pyrolyzed hydrocarbon fluids Jfiave an average carbon number lower than about 
21. 



614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. 



615. The method of claim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/(F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energyMay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tfye equation: 

Pwr = h*V*C*p B 



304 



Conley, Rose & Tayon, P.C. 



• 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion . , 
of the formation. / 

617. The method of claim 616, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the coal formation adjacent 
to a heater by an oxidant injected into the heater in or adjacent to which the combustion 
occurs and wherein at least part of the produced combustion gases are vented to surface 
via the heater in which the combustion occurs. / 

618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 

619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids Jand H2, wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 

620. The method of claim 6 1 9, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from nydrogenation . 

621 . The method of claim 610, wherein the coal formation is a coal seam and at least 
about 70% of the hydrocarbon content of the coal, when such hydrocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the formation. 
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622. The method of claim 610, wherein the substantially gaseous pyrolyzed 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a wellbore of the production well to inhibit condensation of the hydrocarbon 
fluids within the wellbore. 

623. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at .least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling a weight percentage of olefins /fthe produced mixture to be less than 
about 20 % by weight by controlling average pr^sure and average temperature in the 
selected section such that the average pressure \k the selected section is greater than the 
pressure (p) set forth in the following equatioiyfor an assessed average temperature (7) in 
the selected section: 

p = e [pooo/r -f 83] 
where p is measured in psia and T is measured in ° Kelvin. 



624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be lesp than about 10 % by weight, and wherein the 
equation is: 



p h e 



[-16000/T+ 28] 



625. The method of claim 623, w] 
produced mixture is controlled to be 
equation is: 

Pi 



rein the weight percentage of olefins of the 
less than about 5 % by weight, and wherein the 



J-I2000/T+ 22] 
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626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



627. The method of claim 623, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

628. The method of claim 623, wherein the one or more heat sources comprise surface 
burners. 

/ 

629. The method of claim 623, wherein the one 9/ more heat sources comprise 
flameless distributed combustors. 

630. The method of claim 623, wherein the ohe or more heat sources comprise natural 
distributed combustors. / 

/ 

63 1 . The method of claim 623, further comprising controlling a temperature within at 
least a majority of the selected section of tj?le formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 



pressure. / 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within the ^elected section within a pyrolysis temperature 

range. j 

I 
/ 

633. The method of claim 623, farther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 3.0 °C per day during 
pyrolysis. 
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634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



4l 
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635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to tjie volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v */?5 

wherein Pwr is the heating energy/da£, h is an average heating rate of the 
formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
15 °C/day. 

636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



639. The method of claim 623! wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



641. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %4>y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons ij oxygen. 

644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



646. The method of claim 62 
hydrocarbons, and wherein 
hydrocarbons are aromatic corWpounds 



gres ter 



, wherein the produced mixture comprises condensable 
than about 20 % by weight of the condensable 
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647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



/ 



condensable hydrocarbons are cycloalkanes 



650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the non-pndensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is^less than about 80 % by volume of the non- 
condensable component. / 

/ 

651 . The method of claim 623, whq'rein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



653. The method of claim 623, /further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



654. The method of claim 62 
mixture is at a production well. 



, wherein the partial pressure of H 2 is measured when the 
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655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture' into the formation. 

/ 

657. The method of claim 623, further comprising: 



iL 



providing hydrogen (H2) to the heated/section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section witM heat from hydrogenation. 



658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method/further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wmerein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

660. The method of claim 623/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



661 . The method of claim 623, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



662. The method of claim 
the mixture in a production 
the formation for each production 



well 



<p23, wherein producing the mixture comprises producing 
, and wherein at least about 7 heat sources are disposed in 
well. 
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663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



56^7^ The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
10 over an area of the formation to form a repetitive pattern of units. 



15 



20 



25 
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665. A method of treating a coal formation in situ, comprising: 

providing heat from one or more h'eat sources to at least a portion of the 

formation; j 

allowing the heat to transfer frorp the one or more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 

above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (7) in the selected section: 

p = e N400MT+25] 

where p is measured in psia and t is measured in ° Kelvin. 



666. The method of claim 665 
greater than 25 of the produced 
weight, and wherein the equatioh 



, wherein the hydrocarbons having carbon numbers 
ijnixture is controlled to be less than about 20 % by 
is: 

p = e [-16000/T+28]^ 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 15 % by 
weight, and wherein the equation is: 



p = e 



[-18000/T + 32] 



■It} 

i ' 
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668. The method of claim 665, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected' section of the formation. 



10 669. The method of claim 665, wherein the one or ^nore heat sources comprise 
electrical heaters. 

670. The method of claim 665, wherein the one # or more heat sources comprise surface 
burners. 

15 

671 . The method of claim 665, wherein the o/ie or more heat sources comprise 
flameless distributed combustors. 

672. The method of claim 665, wherein thf one or more heat sources comprise natural 
20 distributed combustors. 



25 



673. The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of me formation, wherein the pressure is 
controlled as a function of temperature, of the temperature is controlled as a function of 
pressure. 



30 



674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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675. The method of claim 665, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



m 



fi 
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676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within tlfie selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/aay, h is an average heating rate of the 
formation, p B is formation bulk density, ai^H wherein the heating rate is less than about 1 0 
°C/day. 



677. The method of claim 665, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 678. The method of claim 665, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



679. The method of claim 665, wl 
25 hydrocarbons having an API gravity 



jrein the produced mixture comprises condensable 
of at least about 25°. 



680. The method of claim 665, w 
hydrocarbons, and wherein about 0 
condensable hydrocarbons are olefirls 



lerein the produced mixture comprises condensable 
% by weight to about 15 % by weight of the 
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681. The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



682. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

683. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % byweight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

684. The method of claim 665, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

685. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

686. The method of claim 665, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein greater Ahan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



687. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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688. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1 5 689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



690. The method of claim 665, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % \jy volume of the non-condensable 
component, and wherein the hydrogen is less thap about 80 % by volume of the non- 



/ 
/ 



condensable component. 



15 69 1 . The method of claim 665, wherein the/produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weighy'of the produced mixture is ammonia. 



692. The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

20 

693. The method of claim 665, furthe^ comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than aboui 0.5 bar. 

25 694. The method of claim 665, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



30 



695. The method of claim 665, farther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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696. The method of claim 665, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

697. The method of claim 665, wherein the produced mixture comprises hydrogen and, 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



699. The method of claim 665, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 665, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

701. The method of claim 665, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

702. The method of claim 665, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

703. The method of claim 665, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 




698. The method of claim 665, wherein allowing tl^e heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



704. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1.7 by controlling average 'pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (7) in 
the selected section: 

„ = l [-38000/T+6I] 

p i & 

where p is measured in psia and T is measured in ° Kelvin. 

705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be/greater than about 1.8, and wherein the equation is: 

_ e [-13000/T+ 24] 



706. The method of claim 704, Mierein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to jbe greater than about 1 .9, and wherein the equation is: 



p = e 



[-8000/T + 18] 



707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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708. The method of claim 704, wherein the one or more heat sources comprise 
electrical heaters. 

709. The method of claim 704, wherein the one or more heat sources comprise surface 
burners. 




710. The method of claim 704, wherein the one or more heat sources comprise 



flameless distributed combustors. 



711. The method of claim 704, wherein the one oj* more heat sources comprise natural 
distributed combustors. 



/ 

/ 

712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the/temperature is controlled as a function of 
pressure. 

713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

714. The method of claim 704, furthdr comprising controlling the heat such that an 
average heating rate of the selected sec/ion is less than about 1 °C per day during 
pyrolysis. 



715. The method of claim 704, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( w) of the coal formation from the one or more heat 
sources, wherein the formation has Jan average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

7 1 6. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

/ 

717. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein thtf produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



7 1 9. The method of claim 704, wherein 
hydrocarbons, and wherein about 0. 1 % b* 
condensable hydrocarbons are olefins. / 



he produced mixture comprises condensable 
weight to about 15 % by weight of the 



720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons/are olefins. 

72 1 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. j 

I 

725. The method of claim 704, wherein the producedymixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3/0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2y % by weight of the condensable 
hydrocarbons are aromatic compounds. 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about y % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abcjoit 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable compo^nt comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensabie' component. 

73 1 . The method of claim 704, wherein the producedymixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizery 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 hi 

734. The method of claim 704, wherein )4ie partial pressure of H2 is measured when the 
mixture is at a production well. 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the, 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing \hl teat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeabniry of a majority of the selected section. 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and wnerein at least about 7 heat sources are disposed in 
the formation for each production well./ 

743. The method of claim 704, furmer comprising providing heat from three or more 
heat sources to at least a portion of tHe formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

744. The method of claim 704, /further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input into the^pne or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and 

producing a mixture from the formation 



15 746. The method of claim 745, wherein me one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

747. The method of claim 745, wherein the one or more heat sources comprise at least 
20 two heat sources. 

748. The method of claim 745, wljferein the one or more heat sources comprise surface 
burners. 



25 749. The method of claim 745, ^herein the one or more heat sources comprise 
flameless distributed combustors. 



30 



750. The method of claim 745 
distributed combustors. 



wherein the one or more heat sources comprise natural 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 



752. The method of claim 745, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: j 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the Volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, ti is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



754. The method of claim 745, wherein plowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selectea section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

condensable hydrocarbons are olefins. 

759. The method of claim 745, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/0.001 to about 0.15. 



760. The method of claim 745, whereinyche produced mixture comprises condensable 
hydrocarbons, and wherein less than aboAt 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is nitrogen. 



15 



20 



761 . The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarpons is oxygen. 

762. The method of claim 745 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 763. The method of claim 7ft 5, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



766. The method of claim 745, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by /weight of the condensable 
hydrocarbons are asphaltenes. 



767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanes. / 

/ 

j 
f 

768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about/ 10 % hy volume of the non-condensable 

20 component, and wherein the hydrogen is Jfess than about 80 % by volume of the non- 
condensable component. 

769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



771 . The method of claim 745, 
30 a majority of the selected section o 
least about 2.0 bar absolute. 



ther comprising controlling a pressure within at least 
the formation, wherein the controlled pressure is at 
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772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , wherein the partial pressure of H 2 within 
the mixture is greater than about 0.5 bar. 



773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



774. The method of claim 745, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. j 

I 

775. The method of claim 745, further cq/mprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen frqm the mixture into the formation. 

777. The method of claim 745, ruftner comprising: 
providing hydrogen (H 2 ) to ^he heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

778. The method of claim 745/ wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocaijbons with at least a portion of the produced hydrogen. 



779. The method of claim 745, wherein allowing the heat to transfer comprises 



increasing a permeability of a 
millidarcy. 



najority of the selected section to greater than about 100 
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780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 78 1 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. , 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a^unit of heat sources, and wherein the unit of heat 

15 sources comprises a triangular pattern. / 

784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a coal formation in situ, comprising: 

heating a selected volume (V)pf the coal formation, wherein formation has an average 
25 heat capacity (C v ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

30 wherein Pwr is the heat ng energy/day, h is an average heating rate of the formation, 

p B is formation bulk density, |^nd wherein the heating rate is less than about 10 °C/day. 
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786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 
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788. The method of claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 



789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority of the seledted volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

791 . The method of claim 785, further comprising controlling the heating such that an 
average heating rate of the selected volume i^f less than about 1 °C per day during 
pyrolysis. 



25 
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792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation. 

793. The method of claim 785, whereim heating the selected volume comprises 
transferring heat substantially by conduction. 



794. The method of claim 785, wherefin 
the selected section such that a thermal 
section is greater than about 0.5 W/(m °(C). 



heating the selected volume comprises heating 
onductivity of at least a portion of the selected 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

5 796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

797. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the no n-condensable hydrocarbons are olefins. 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
15 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4= 
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799. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, wherein fhe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 801 . The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



802. The method of claim 785, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3^% by weight of the condensable 



806. The method of claim 785, wherein tke produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein the npn-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % tty weight of the produced mixture is ammonia. 

809. The method of claim 785, v 'herein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 



hydrocarbons are asphaltenes. 




332 



Conley, Rose & Tayon, P C. 



# % 



■Iff 
m 
4= 



m 



810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

811. The method of claim 785 , further comprising controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H 2 within the mixture is greater than about 0.5 bar. 

812. The method of claim 785, wherein the partial pressure of H2 is measured when the 



/ 



f 10 mixture is at a production well. 



813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fronythe mixture into the formation. 



815. The method of claim 785 , further comprising: 
20 providing hydrogen (H 2 ) to th^f heated volume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of the voluiAe with heat from hydrogenation. 



816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, the metnod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



817. The method of claim 785, 
majority of the selected volume tc 



iurther comprising increasing a permeability of a 
greater than about 100 millidarcy. 
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818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 



819. The method of claim 785, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/ 

j 

821 . The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further c/omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

823. A method of treating a coal formation in situ, comprising: 
providing heat from one or npre heat sources to at least a portion of the 

formation; 

allowing the heat to transfer! from the one or more heat sources to a selected 

average temperature within the selected section to, or 
lyze hydrocarbons within the selected section; 

the one or more heat sources such that an average 
rises by less than about 3 °C per day when the average 
is at, or above, the temperature that will pyrolyze 



section of the formation to raise an 
above, a temperature that will pyro 
controlling heat output frorfi 
heating rate of the selected section 
temperature of the selected section 



hydrocarbons within the selected section; and 
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producing a mixture from the formation. 



824. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and ^ 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when production of formation fluid declines 
below a desired production rate. 

825. The method of claim 823, controlling h^at output comprises: 
raising the average temperature withir( the selected section to a first temperature 



that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; / 

limiting energy input into the one/or more heat sources to inhibit increase in 
temperature of the selected section; and/ 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 



826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. 



827. The method of claim 82^, wherein the one or more heat sources comprise 
electrical heaters. 

828. The method of claim 82j3, wherein the one or more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more heat sources comprise 
flameless distributed combustors. 



830. The method of claim 823, wherein the one or more heat sources comprise natural 



distributed combustors. 



/ 



831. The method of claim 823 5 further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
10 the pressure is controlled as a function of temperature, or the temperature is controlled as 



a function of pressure. 



i 



i 



15 



832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1.5 °C per day during pyrolysis. 

833. The method of claim 823, whereiA the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



834. The method of claim 823, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (V)pf the coal formation from the one or more heat 
sources, wherein the formation has all average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk der sity. 

30 835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



m 
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837. The method of claim 823 5 wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



838. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 



/ 



condensable hydrocarbons are olefins. 



839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

15 about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0. 1 % by weight of the condensable hydrocarbons. 

840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein k molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is less thpn about 0.15, and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 



25 



841 . The method of claim 823, /wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



30 



842. The method of claim 8 
condensable hydrocarbons, an^ 
condensable hydrocarbons is 
ethane is greater than about O.tiOl 



3, wherein the produced mixture comprises non- 
wherein a molar ratio of ethene to ethane in the non- 
than about 0.05 and wherein the ratio of ethene to 



less 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by,weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the p/oduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

847. The method of claim 823, whereinithe produced mixture comprises condensable 
hydrocarbons, and wherein greater than apout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arpmatics with more than two rings. 

849. The method of claim 823, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thar^ about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



851. The method of claim 823 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



The method of claim 823 5 wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of Jhe formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

855. The method of claim 823, /further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

856. The method of claim 8£3, wherein the partial pressure of H 2 is measured when the 
mixture is at a production weL 



857. The method of claim/823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



859. The method of claim 823, further comprising: 

providing H 2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hydrogenation. 
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860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

861. The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

15 millidarcy. 



862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 863. The method of claim 823/ further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



25 



864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



865. The method of claim 823, further comprising providing heat from three or more 



heat sources to at least a p 
sources are located in the 



30 sources comprises a triang ular pattern. 



rtion of the formation, wherein three or more of the heat 
brmation in a unit of heat sources, and wherein the unit of heat 



340 



Conley, Rose & Tayon, P C. 



15 



866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



867. A method of treating a coal formation in situ; comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; to heat a selected section of the formation to an average temperature above 



10 about 270 °C; 



allowing the heat to transfer from the on? or more heat sources to the selected 



section of the formation; 



/ 



/ 



controlling the heat from the one or rn^re heat sources such that an average 
heating rate of the selected section is less thah about 3 °C per day during pyrolysis; and 
producing a mixture from the formation. 



20 



868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical heaters. 



870. The method of claim 867, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours. 



871 . The method of claim 867/ wherein the one or more heat sources comprise surface 
burners. / 



30 872. The method of claim 867 
flameless distributed combustois 



, wherein the one or more heat sources comprise 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 



874. The method of claim 867, further comprising controlling a pressure and a 



temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



875. The method of claim 867, wherein the he^it is further controlled such that an 
average heating rate of the selected section is le/s than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases; 



876. The method of claim 867, wherein tfce heat is further controlled that an average 
heating rate of the selected section is less than about 1.5 °C per day during pyrolysis. 



877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/aay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v */> 5 

wherein Pwr is the heati lg energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 
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879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at lea^t about 25°. 



882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 $4 by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

883. The method of claim 867,Avherein the produced mixture comprises non- 
condensable hydrocarbons, and therein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim £67, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

885. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

886. The method of olaim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abbut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

/ 

890. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arqmatics with more than two rings. 



891 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than pbout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

892. The method of claim 867, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5|% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



893. The method of claim 867,fwherein the produced mixture comprises a non- 
condensable component, wherein! the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tian about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



895. The method of claim 867, wherein the produced mixture comprises ammonia, and 



896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

898. The method of claim 897, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

899. The method of claim 867,/further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. j 

900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

901 . The method of claim 86p, further comprising: 

providing hydrogen (H2) to the heated section to hydro genate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



wherein the ammonia is used to produce fertilizer. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarc^ 



904. The method of claim 867, wherein allowingtfie heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 
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905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



15 906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, and where/n at least about 7 heat sources are disposed in 
the formation for each production well. 

907. The method of claim 867, further/ comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern 



908. The method of claim 867, fisher comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pat ern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 909. A method of treating a coa 



formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation through at least one production well; 
monitoring a temperature at or in the production well; and 
/ controlling heat input to raise the monitored temperature at a rate of less than 

abo ut^C per day. 

10 910. The method of claim 909, wherein the one or more heat sources comprise at least 
_ two heat sources, and wherein superposition of heat from at least the two heat sources 

*£s pyrolyzes at least some hydrocarbons within the selected section of the formation. 

«! / 

^ 911. The method of claim 909, wherein the^ne or more heat sources comprise 

4* 15 electrical heaters. 
Hi / 

y 912. The method of claim 909, wherein/the one or more heat sources comprise surface 

\i burners. 

/ 

\** 20 913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed combustors. 



914. The method of claim 909, wherein the one or more heat sources comprise natural 
distributed combustors. 

915. The method of claim 909, /further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 



n 



25 



a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



0 



917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h i^ an average heating rate of the 



formation, p B is formation bulk density. 



/ 



15 918. The method of claim 909, wherein allo/wing the heat to transfer comprises 
transferring heat substantially by conduction.; 



20 



919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greatenthan about 0.5 W/(m °C). 



920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity or at least about 25°. 



25 921 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1/% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefu 



922. The method of claim 909, wjierein 
30 condensable hydrocarbons, wherein 



the produced mixture comprises non- 
a molar ratio of ethene to ethane in the non- 



\ 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is oxygen' 



/ 



925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



926. The method of claim 909, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thfen about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



929. The method of claim 909 
hydrocarbons, and wherein less 
hydrocarbons are asphaltenes. 



wherein the produced mixture comprises condensable 
tjian about 0.3 % by weight of the condensable 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abouAo % by volume of the non- 
condensable component. 



932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



933. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected section of the fc/mation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

936. The method of claim 935, jwherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

937. The method of claim 909, further comprising altering a pressure within the 



formation to inhibit production 
numbers greater than about 25. 



Df hydrocarbons from the formation having carbon 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

939. The method of claim 909, further comprising: 

providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from'hydrogenation. 



10 940. The method of claim 909, wherein the produced mixture comprises hydrogen and 

condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

Q j 

di produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

m j 
,$« j 

941 . The method of claim 909, wherein allowing the heat to transfer comprises 

4 s . / 

,p 15 increasing a permeability of a majority of the selected section to greater than about 100 

Si 
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millidarcy. 



3K: ' 

\\l 942. The method of claim 909, where^i allowing the heat to transfer comprises 

substantially uniformly increasing a pe^/neability of a majority of the selected section. 



! 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

944. The method of claim 909, wherein producing the mixture comprises producing 

25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



945. The method of claim 90J9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
30 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

pattern. 



sources comprises a triangular 
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946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



947. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a y temperature sufficient to support oxidation 

I 

of hydrocarbons within the portion, wherein the portion is located substantially adjacent 



/. 



/ 



to a wellbore; 

flowing an oxidant through a conduit positioned within the wellbore to a heat 
source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidam with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 



948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portio/i above about 400 °C. 

949. The method of claim 947/, wherein the conduit comprises critical flow orifices, the 
method further comprising flov^ng the oxidant through the critical flow orifices to the 
heat source zone. 



950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the /wellbore. 



95 1 . The method of claim 



heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 



947, further comprising removing excess oxidant from the 



\ 
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952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 



953. The method of claim 947, further comprising heating the conduit with reaction 
products being removed through the wellbore. 

.he method of claim 947, wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 947, wherein the oxidant /comprises air. 

956. The method of claim 947, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

957. The method of claim 947, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947, whereity heating the portion of the formation comprises 
electrically heating the formation. 

959. The method of claim 947, whe/ein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 



961. The method of claim 947/ further comprising controlling a pressure and a 



temperature within at least a ma 
controlled as a function of temp 
pressure. 



ority of the pyrolysis zone, wherein the pressure is 
rature, or the temperature is controlled as a function of 
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962. The method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 



963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 



964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



965. The method of claim 947, further comprising: 

providing hydrogen (H2) to the pyrolysis ^one to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone vfrth heat from hydrogenation. 



966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. / 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. The method of claim 947, wheijein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 



970. The method of claim 947, whefrein 
uniformity of heating along a heated 



in the wellbore is located along strike to increase 
lfength of the wellbore. 
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971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. 



972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; / 

allowing heat to transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and / 

removing reaction products such thatfthe reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 



973. The method of claim 972, wherein/heating the portion of the formation comprises 
raising the temperature of the portion abo^e about 400 °C. 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 

975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 



method further comprising flowing 
heat source zone. 



le oxidant through the critical flow orifices to the 
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977. The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 

978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 



10 



979. The method of claim 972, further comprising transporting the oxidant from the 

— — — 1 

980. The method of claim 972, wherein the conduit is located within a wellbore, the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to raise a temperature of the <^idant passing through the conduit. 

/ 

( g! 15 981 . The method of claim 972, wherein the ox/dant comprises hydrogen peroxide. 

m 

V. 

q 

JK E 

Hi 
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982. The method of claim 972, wherein the oxidant comprises air. 

983. The method of claim 972, wherein tt^e oxidant comprises a fluid substantially free 
of nitrogen. 



984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



25 985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 



986. The method of claim 972, whetrein 
30 temperature sufficient to support oxidation 
comprises heating with a flameless dis 



heating a portion of the formation to a 
of hydrocarbons within the portion further 
tributed combustor. 
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987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

10 989. The method of claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 

15 is greater than about 0.5 W/(m °C). 

991 . The method of claim 972, further cotnprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein tpe controlled pressure is at least about 2.0 bar 
absolute. 



20 



25 



992. The method of claim 972, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolyfeis zone with heat from hydrogenation. 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 



30 994. The method of claim 972, 
substantially uniformly increasing 



'herein allowing the heat to transfer comprises 
a permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



996. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 

portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 

allowing the oxidizing gas to react with Jt least a portion of the hydrocarbons at 

the heat source zone to generate heat in the heat source zone; and 

/ 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 



997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 996, further Comprising directing at least a portion of the 
oxidizing fluid into the opening through irifices of a conduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

1000. The method of claim 996, whferein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

1001. The method of claim 996, ^herein a conduit is disposed within the opening, the 
method further comprising removilng an oxidation product from the formation through 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 




1002. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 

to a flow rate of the oxidation product in the conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



1004. The method of claim 996, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed^ within the opening, the method further 
comprising providing the oxidizing fluid into the/opening through the center conduit and 
removing an oxidation product through the outer conduit. 

1005. The method of claim 996, wherein theiieat source zone extends radially from the 
opening a width of less than approximately 0/15 m. 

1006. The method of claim 996, wherein Heating the portion comprises applying 
electrical current to an electric heater disposed within the opening. 

1007. The method of claim 996, whereip the pyrolysis zone is substantially adjacent to 
the heat source zone. 



1008. The method of claim 996, further comprising controlling a pressure and a 



temperature within at least a majority o 



the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1009. The method of claim 996, further comprising controlling the heat such that an 
5 average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 



lOlO. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



m 
'IP c 

■I* 
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10 1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at le^cst a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). 

1012. The method of claim 996, further comprising controlling a pressure within at least 
15 a majority of the pyrolysis zone, wherein the/controlled pressure is at least about 2.0 bar 
absolute. 



m 



1013. The method of claim 996, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
20 within the pyrolysis zone; and 

heating a portion of the pyrolysis^ zone with heat from hydrogenation. 



1014. The method of claim 996, whei/ein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
25 millidarcy. 



1015. The method of claim 996, wherein 
substantially uniformly increasing a 



in allowing the heat to transfer comprises 
permeability of a majority of the pyrolysis zone. 



30 1016. The method of claim 996, further 
than about 60 % by weight of condenpable 



comprising controlling the heat to yield greater 
hydrocarbons, as measured by Fischer Assay. 
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1017. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation; and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
10 carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than k.5 in the mixture. 



15 



/ 



1018. The method of claim 1017, wherein the yfne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbonsywithin the selected section of the 
formation. 



1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 

20 temperature range. 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 

25 1021 . The method of claim 1017, wherein the one or more heat sources comprise 
surface burners. 



30 



1022. The method of claim 1017, 
flameless distributed combustors. 



therein the one or more heat sources comprise 



361 



Conley, Rose & Tayon, P.C. 



1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 



1024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
than about 270 °C. 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. j 

1026. The method of claim 1017, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1028. The method of claim 1017, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume /(F) of the coal formation from the one or more heat 
sources, wherein the formation fyas an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /he equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the hfeating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



'C/day. 
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1029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such thai, a thermal conductivity of at 
least a portion of the selected section is greater than a^out 0.5 W/(m °C). 

1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by we/ght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



/ 

1033. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are dlefins. 

1034. The method of claim 1017, wherem the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than atyout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



1035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than attout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1036. The method of claim 1017, wh 
hydrocarbons, and wherein less than afrout 
basis, of the condensable hydrocarbon 



erein the produced mixture comprises condensable 
1 % by weight, when calculated on an atomic 
is oxygen. 
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1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable > 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1039. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about JO % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

1040. The method of claim 1017, wherein ihe produced mixture comprises condensable 
hydrocarbons, and wherein less than about/5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1041. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than atyout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1042. The method of claim 1017, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5r/o by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1043. The method of claim 101 % wherein the produced mixture comprises a non- 
condensable component, wherein! the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater t lan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 



/ 



within the mixture is greater than about 0.5 bar. j 

l 

1048. The method of claim 1047, wherein the^artial pressure of H2 is measured when 
the mixture is at a production well. 



1049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 050. The method of claim 1017, furthen comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section With heat from hydrogenation. 



1 05 1 . The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbpns with at least a portion of the produced hydrogen. 
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1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 053 . The method of claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1054. The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 
/ 

1055. The method of claim 1017, wherein producing the mixture comprises producing 
the mixture in a production well, and whereii/ at least about 7 heat sources are disposed in 



the formation for each production well. 



/ 



/ 
/ 



1056. The method of claim 1017, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ja. unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 



1057. The method of claim 1017, fihrther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1058. A method of treating a coal formation in situ, comprising: 
providing heat from onq or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

I 

1059. The method of claim 1058, wherein the one or more heat sources comprise at 

j 

least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

I 

1060. The method of claim 1058, wherein the one or more heat sources comprise 
electrical heaters. 

1061. The method of claim 1058, wherein the one/or more heat sources comprise 
surface burners. 

1062. The method of claim 1058, wherein the ^ne or more heat sources comprise 
flameless distributed combustors. 

1063. The method of claim 1058, wherein ^ie one or more heat sources comprise natural 
distributed combustors. 

1064. The method of claim 1 058, furthei/ comprising controlling a temperature within at 
least a majority of the selected section op the formation, wherein the pressure is 
controlled as a function of temperature, jov the temperature is controlled as a function of 
pressure. 



1065. The method of claim 1064, wherein controlling the temperature comprises 



maintaining a temperature within the 
range. 



selected section within a pyrolysis temperature 
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1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



W5T. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat papacity (C v ), and wherein the heating 

/ 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to thi volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wj/ierein the heating rate is less than about 10 
°C/day. 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1070. The method of claim 1058, wherein the produced mixture comprises condensable 



hydrocarbons having an API gravity o 



1071. The method of claim 1058, wlierein 
hydrocarbons, and wherein about 0.1 
condensable hydrocarbons are olefins 



at least about 25 c 



the produced mixture comprises condensable 
£ by weight to about 15 % by weight of the 



Vo 
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1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15/and wherein the ratio of ethene to 
ethane is greater than about 0.001. J 



1074. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about ^/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is /nitrogen. 



1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1077. The method of claim 1058f, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 °/c 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise 



phenols. 



by weight to about 30 % by weight of the condensable 



1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein great sr than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1081 . The method of claim 1058, wherein tlie produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogep is less than about 80 % by volume of the non- 
condensable component. 

1083. The method of claim 105 8, /wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1084. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1085. The method of claim 10f58, further comprising controlling the pressure within at 



least a majority of the selected 
is at least about 2.0 bar absolute 



1086. The method of claim 1 



section of the formation, wherein the controlled pressure 



[058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tqan about 0.5 bar. 
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1087. The method of claim 1086, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

5 1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



10 



1089. The method of claim 1058, further comprising: 

providing hydrogen (H2) to the heated sectior/to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat fi/om hydrogenation. 



1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furxher comprising hydrogenating a portion of 

15 the produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 

1 09 1 . The method of claim 1058, wherein/ allowing the heat to transfer comprises 
increasing a permeability of a majority of /he selected section to greater than about 100 
millidarcy. 



20 



1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1093. The method of claim 1058, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1094. The method of claim 1058 
the mixture in a production well 
the formation for each production 



wherein producing the mixture comprises producing 
ind wherein at least about 7 heat sources are disposed in 
well. 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1096. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein' a plurality of the units are repeated 

o ver an a rea of the formation to form a repetitive pattern of units. 

/ 

1097. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat /sources to at least a portion of the 

formation; / 

allowing the heat to transfer from t^e one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



1098. The method of claim 1097, v^herein the one or more heat sources comprise at 
least two heat sources, and wherein Superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1099. The method of claim 109jy, wherein the one or more heat sources comprise 
electrical heaters. 



1 1 00. The method of claim 1 0 
surface burners. 



>7, wherein the one or more heat sources comprise 
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1 101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 102. The method of claim 1097, wherein the one or more heat sources comprise natural 
5 distributed combustors. 
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1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 104. The method of claim 1097, wherein cyitrolling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 



1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 106. The method of claim 1097, wtterein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (0 of the coal formation from the one or more heat 
sources, wherein the formation has/an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/equation: 

Pwr = /**r*C v */>* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 



formation, p B is formation bulk 
°C/day. 



density, and wherein the heating rate is less than about 10 
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1 107. The method of claim 1097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 1 08. The method of claim 1 097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein the produced mixture comprises condensable 

/ 

hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1111. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abdut 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1112. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than Hjbout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1113. The method of claim 1097, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than /about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less thar 



about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is oxygen. 
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1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



in 



4' 

m 

& 

O 



10 1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20/% by weight of the condensable 
hydrocarbons are aromatic compounds. 

1118. The method of claim 1097, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 f/o by weight of the condensable 

hydrocarbons comprises multi-ring aromatios with more than two rings. 

1119. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiy; 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 



25 
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1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % py weight to about 30 % by weight of the 
condensable hydrocarbons are cycloallcanes. 



1121; The method of claim 1 097 
condensable component, wherein th< : 
wherein the hydrogen is greater thai 
component, and wherein the hydroge 
condensable component. 



erein the produced mixture comprises a non- 
non-condensable component comprises hydrogen, 
about 10 % by volume of the non-condensable 
n is less than about 80 % by volume of the non- 
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1 122. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 1 24. The method of claim 1 097, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 b^ 

1 126. The method of claim 1 125, whereip the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 127. The method of claim 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 



1 129. The method of claim 109X further comprising: 

providing hydrogen (H 2 ) jo the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sbction with heat from hydrogenation. 
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1 130. The method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1131. The method of claim 1097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the/selected section to greater than about 100 
miilidarcy. / 

1 132. The method of claim 1097, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1135. The method of claim 1 097/, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the form ation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1137. A method of treating a coal formation in situ, comprising: 
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heating a section of the formation to a pyrolysis temperature from at least a first 
heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat source are located along a perimeter of 
the section; 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a,rate configured to produce a mixture 
from the formation with an olefin content of less tliari about 15% by weight of 



condensable fluids (on a dry basis) within the produced mixture; and 

roducing the mixture from the formation through a production well. 

1138. The method of claim 1 137, wherein/superposition of heat form the first heat 
source, second heat source, and third heat ^source pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 



1 139. The method of claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. 

1 140. The method of claim 1137, ^herein the first heat source is operated for less than 
about twenty four hours a day. 

1141. The method of claim 1137/ wherein the first heat source comprises an electrical 
heater. 

1 142. The method of claim 1 1^7, wherein the first heat source comprises a surface 
burner. 



1 143. The method of claim 1 J37, wherein the first heat source comprises a flameless 
distributed combustor. 

1 144. The method of claim 1 137, wherein the first heat source, second heat source and 
third heat source are positioner substantially at apexes of an equilateral triangle. 



\ 
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1 145. The method of claim 1137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The method of claim 1137, further comprising a/fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the hea/ sources are located substantially at 
apexes of a regular hexagon. 

1 148. The method of claim 1 147, wherein the production well is located substantially at 
a center of the hexagon. 

1 149. The method of claim 1 137, further comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1 150. The method of claim 1 137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1151. The method of claim 1137, ftuAher comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C per day during pyrolysis. 



1 152. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 1 °C per day during pyrolysis. 



1153. The method of claim 1137, 
sources to at least the portion of formation 



wherein providing heat from the one or more heat 
comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is ah average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

: i 

— / 

1 154. The method of claim 1137, wherein hekting the section of the formation 
comprises transferring heat substantially by conduction. 

1 155. The method of claim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 

1 156. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



1 158. The method of claim y 137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0. 1 5, and wherein the ratio of ethene to 



ethane is greater than about 



0.001. 
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1 159. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1160. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1161. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %-by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

/ 

/ 

1 1 62. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/ 

1163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thafi about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 

1 164. The method of claim 1 137, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein less tha/i about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1 1 65. The method of claim 113/, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 166. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 167. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volvmjfe of the non-condensable 
component, and wherein the hydrogen is less than about/80 % by volume of the non- 
condensable component. 

1 168. The method of claim 1 137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, wherein theyproduced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 170. The method of claim 1 137, further comprising controlling a pressure within at 
least a majority of the selected section of ti/e formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1171. The method of claim 1 137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1 1 72. The method of claim 1171, wperein the partial pressure of H2 is measured when 
the mixture is at a production well. 



1 173. The method of claim 1 137, 
formation to inhibit production of hydrocarbons 
numbers greater than about 25. 



] urther comprising altering a pressure within the 
from the formation having carbon 
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1 174. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 175. The method of claim 1 137, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1 176. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furtheycomprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 177. The method of claim 1137, heating the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

1 178. The method of claim 1137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 

1 179. The method of claim 1137, further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 180. The method of claim 1 137, wherein producing the mixture comprises producing 
the mixture in a production well, and herein at least about 7 heat sources are disposed in 
the formation for each production well 

1181. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of thje formation, wherein three or more of the heat 
sources are located in the formation ifa a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern 
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1 1 82. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 183. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources p at least a portion of the 

formation; 

allowing the heat to transfer from the one </r more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less/han about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 1 84. The method of claim 1183, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydro/arbons within the selected section of the 
formation. 

1 1 85. The method of claim 1 1 83/ wherein the one or more heat sources comprise 
electrical heaters. 

1 186. The method of claim 1 ^83, wherein the one or more heat sources comprise 
surface burners. 



1 1 87. The method of claim/ 1 1 83, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 188. The method of claim 1 183, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 1 89. The method of claim 1 1 83, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



/ 



1 190. The method of claim 1189, wherein controlling the temperature comprises 
maintaining the temperature within the selected sec/ion within a pyrolysis temperature 



range. 



1191. The method of claim 1183, further comprising controlling the heat such that an 
average heating rate of the selected section is/less than about 1 °C per day during 
pyrolysis. 



1 1 92. The method of claim 1183, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an Average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqjuation: 

Pwr - h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1193. The method of claim 1183 
transferring heat substantially by 



wherein allowing the heat to transfer comprises 
conduction. 
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1 194. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1 1 95. The method of claim 1 1 83, wherein the produced^ixture comprises condensable 
hydrocarbons having an API gravity of at least about 21 



1 196. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 197. The method of claim 1 183, wherein /he produced mixture comprises non- 
condensable hydrocarbons, and wherein apout 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons ara olefins. 

1 198. The method of claim 1 183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less th^n about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1 199. The method of claim 1 1 88, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less ithan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1200. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein k ss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyc rocarbons is sulfur. 



1201. The method of claim 
hydrocarbons, wherein abou 



1 183, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1202. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1203. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witM more than two rings. 



1204. The method of claim 1 1 83, wherein th< 
hydrocarbons, and wherein less than about 0y3 
hydrocarbons are asphaltenes. / 



r produced mixture comprises condensable 
% by weight of the condensable 



1205. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % b* weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalwanes. 

1206. The method of claim 1 1 83, vmerein the produced mixture comprises a non- 
condensable component, wherein thp non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1207. The method of claim 1 183, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1208. The method of claim 1 1 33, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is use d to produce fertilizer. 
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1209. The method of claim 1 1 83, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1210. The method of claim 1183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2' 
within the mixture is greater than about 0.5 bar. j 

i 

1211. The method of claim 1211, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

/ 

1212. The method of claim 1 1 83, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. f 

/ 
1 
/ 

1213. The method of claim 1 183, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1214. The method of claim 1 183, fi/rther comprising: 
providing hydrogen (H2) to $ie heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1215. The method of claim 1 183, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, fhe method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1216. The method of claim 1 
increasing a permeability of a 
millidarcy. 



83, wherein allowing the heat to transfer comprises 
majority of the selected section to greater than about 100 
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1217. The method of claim 1 183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1218. The method of claim 1 1 83, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

1219. The method of claim 1 183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well. 

1220. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1221. The method of claim 1 183, further /comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in aAinit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a/repetitive pattern of units. 



1222. A method of treating a coal formation in situ, comprising: 

providing heat from one or m'ore heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and w lerein less than about 1 % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1223. The method of claim 1222, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1224. The method of claim 1222, wherein the one or more heat sources comprise 
electrical heaters. 



1225. The method of claim 1222, wherein the one or more heat sources comprise 
surface burners. 



1226. The method of claim 1222, wherein the one pr more heat sources comprise 
flameless distributed combustors. 

1227. The method of claim 1222, wherein the orjfe or more heat sources comprise natural 
distributed combustors. 

1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The method of claim 1228, whereiry controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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123 1. The method of claim 1222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1232. The method of claim 1222, wherein allowing the heat to transfer comprises 

transferring heat substantially by conduction, j 

i 
t 

1233. The method of claim 1222, wherein providing heat from the one or more heat . 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater tl&an about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at/least about 25°. 

1235. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 %/by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 



condensable hydrocarbons, and where 
of the non-condensable hydrocarbons 



n about 0.1 % by weight to about 15 % by weight 
are olefins. 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0. 1 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

/ 

1238. The method of claim 1222, wherein the producedmixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by w^ght, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen./ 



10 1239. The method of claim 1222, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



m 

si 

u 
m 



1240. The method of claim 1222, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1241 . The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %py weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1242. The method of claim y222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



30 



1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



hydrocarbons comprises 



multi-ring aromatics with more than two rings. 
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1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cyndensable component comprises hydrogen, 
wherein the hydrogen is greater than about /l0 % by volume of the non-condensable 
component, and wherein the hydrogen is lpss than about 80 % by volume of the non- 
condensable component. 



1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %iby weight of the produced mixture is ammonia. 

1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater thaijl about 0.5 bar. 

1251 . The method of claim 12|0, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 
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1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture /into the formation. 



1254. The method of claim 1222, further comprising 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hfeat from hydrogenation. 

1255. The method of claim 1222, whereiiythe produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. 

1257. The method of claim 1222, Wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 



1258. The method of claim 1222, /further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1259. The method of claim 1222 



the mixture in a production well, iind wherein at least about 7 heat sources are disposed in 



the formation for each production 



wherein producing the mixture comprises producing 



well. 
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1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261 . The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit of ijeat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherpin a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

I 
I 

1262. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the pne or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1264. The method of claim 1262, wherein the one or more heat sources comprise 
electrical heaters. I 

1265. The method of claim 1262, wherein the one or more heat sources comprise 
surface burners. - 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
distributed combustors. / 



1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or/the temperature is controlled as 
a function of pressure. / 

1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected sec/ion within a pyrolysis temperature 
range. / 

1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1271. The method of claim 1262, whereiry providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of pe coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating epergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation suc^that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are cwefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than afeout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

1278. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiy about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroc* rbons is oxygen. 
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1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1281. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 



1282. The method of claim 1262, wherein the /produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics/with more than two rings. 

1283. The method of claim 1262, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 6.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkiines. 

1285. The method of claim 1262, wherein the produced mixture comprises a non- 
condensable component, wherein the/non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaiy about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1286. The method of claim 12621 wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1288. The method of claim 1262, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein A the controlled pressure 
is at least about 2.0 bar absolute. 



m 



10 



1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1290. The method of claim 1289, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. / 



lib 15 1291. The method of claim 1 262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons pom the formation having carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 



□ 
4; 
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1293. The method of claim 1262, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section With heat from hydrogenation. 



30 



1 294. The method of claim 1 262, whi 
and condensable hydrocarbons, the method 
the produced condensable hydrocarborjs 



ein the produced mixture comprises hydrogen 

further comprising hydrogenating a portion of 
with at least a portion of the produced hydrogen. 
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1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy . 



1296. The method of claim 1262, wherein allowing the heat to transfer comprises 

/ 

substantially uniformly increasing a permeability of a / majority of the selected section. 

1297. The method of claim 1262, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein ft least about 7 heat sources are disposed in 
the formation for each production well. 

1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ui/it of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form /a repetitive pattern of units. 



1301. A method of treating a coal 

raising a temperature of a fii/st 

sources to a first pyrolysis temperatfure 
heating the first section to ah 

supplied to the first section at a rate 



rmation in situ, comprising: 
section of the formation with one or more heat 



upper pyrolysis temperature, wherein heat is 
configured to inhibit olefin production; 
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producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and H2; 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture;' 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; j 

providing a portion of the second mixture to tlje second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture from the second/section. 



4= 
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1302. The method of claim 1301, wherein creating the second mixture comprises 
removing condensable hydrocarbons from the first mixture. 

15 1 303 . The method of claim 1301, whereii/ creating the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, whefein creating the second mixture comprises 
removing carbon dioxide from the firs/ mixture. 

20 

1305. The method of claim 1301, yherein the first pyrolysis temperature is greater than 
about 270 °C. 

1306. The method of claim 130y, wherein the second pyrolysis temperature is greater 
25 than about 270 °C. 



1307. The method of claim 13|01, wherein the upper pyrolysis temperature is about 500 
°C. 



30 1308. The method of claim 

least two heat sources, and wHerein 



1301 



wherein the one or more heat sources comprise at 
in superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 



1309. The method of claim 1301, wherein the one or more heat sources comprise 
electrical heaters. / 



/ 



1310. The method of claim 1301, wherein the one or more heat sources comprise 
surface burners. 

1311. The method of claim 1301, wherein t^e one or more heat sources comprise 
flameless distributed combustors. 



1312. The method of claim 1301 , wherein the one or more heat sources comprise natural 
distributed combustors. 

1313. The method of claim 1301, fuixher comprising controlling a pressure and a 
temperature within at least a majority/ of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301/ further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 



1315. The method of claim 1 3 
comprises: 

heating a selected volui le 
sources, wherein the formation 
pyrolyzes at least some hydroc irbons 

wherein heating energy 
wherein Pwr is calculated by thfe 



1 , wherein heating the first and the second sections 



(V) of the coal formation from the one or more heat 
las an average heat capacity (C v ), and wherein the heating 

within the selected volume of the formation; and 
day provided to the volume is equal to or less than Pwr, 
equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 



1317. The method of claim 1301, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections/is greater than about 0.5 W/(m °C). 



1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1320. The method of claim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1321. The method of claim 1 j0 1 , wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1322. The method of claim 
condensable hydrocarbons, a^id 
on an atomic basis, of the condensable 



301, wherein the first or third mixture comprises 
wherein less than about 1 % by weight, when calculated 
hydrocarbons is oxygen. 
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1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



5 1 324. The method of claim 1301, wherein the first or third mixture comprises 

condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



10 
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1325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



1326. The method of claim 1301, wherein the first or third mixture comprises 
15 condensable hydrocarbons, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises mmti-ring aromatics with more than two rings. 



20 



1327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



25 



1328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and where n the hydrogen is less than about 80 % by volume of 

30 the non-condensable component. 
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1330. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



133 1 . The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. ; 



32. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbor^s and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 be 



1334. The method of claim 1333, wherein tne partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. 

1335. The method of claim 1301, further/comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1336. The method of claim 1301, further comprising: 
providing hydrogen (H 2 ) to thd first or second section to hydrogenate 

hydrocarbons within the first or second section; and 

heating a portion of the first ar second section with heat from hydrogenation. 



1337. The method of claim 1301, further comprising: 

producing hydrogen and coridensable hydrocarbons from the formation; and 
hydrogenating a portion of tfhe produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
5i a permeability of a majority of the first or second section. 

1340. The method of claim 1301, wherein th^ heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 1341. The method of claim 1301, wherein/producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 
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1 342. The method of claim 1301, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in ^ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 343 . The method of claim 1301, fiufther comprising providing heat from three or more 
20 heat sources to at least a portion of thjb formation, wherein three or more of the heat 

sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 1344. A method of treating a coal brmation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
30 producing a mixture from thd formation; and 
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hydrogenating a portion of the produced mixture with H 2 produced from the 
formation. 



1345. The method of claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



1346. The method of claim 1344, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. / 

1348. The method of claim 1344, wherein throne or more heat sources comprise 
surface burners. / 

1349. The method of claim 1344, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1350. The method of claim 1344, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1351. The method of claim 1 344, further comprising controlling a pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1352. The method of claim 1344, further comprising controlling the heat such that an 
average heating rate of the selected sect on is less than about 1 °C per day during 
pyrolysis. 





\ 
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1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the yblume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/da\ 
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1354. The method of claim 1344, wherein allowing the heat to transfer comprises 
15 transferring heat substantially by conduction. 

1355. The method of claim 1344, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 

1356. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1344, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein about 0. 1 % py weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 



1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons ranges frorc about 0.001 to about 0.15. 
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1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / { 

1361. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by ^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1362. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1363. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1364. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aroipatics with more than two rings. 

1365. The method of claim 1344, whj 
hydrocarbons, and wherein less than all 
hydrocarbons are asphaltenes. I 



fcrein the produced mixture comprises condensable 
?out 0.3 % by weight of the condensable 
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1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable yomponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 370. The method of claim 1 344, further coi 
least a majority of the selected section of the 
is at least about 2.0 bar absolute. 

1371. The method of claim 1 344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

1372. The method of claim 1344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1373. The method of claim 1344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

\ 
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arising controlling a pressure within at 
)rmation, wherein the controlled pressure 



1374. The method of claim 1344, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

/ 

heating a portion of the section with heat from hydrogenation. 

1375. The method of claim 1344, wherein allowing the neat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1376. The method of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and whereip at least about 7 heat sources are disposed in 
the formation for each production well. 

1379. The method of claim 1344, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/init of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1380. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1381. A method of treating a coal 



brmation in situ, comprising: 
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heating a first section of the formation; 
producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H 2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 

formation. j 

I 
/ 

1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 



1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 

1384. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

1385. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

1386. The method of claim 1381, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the first/or second section is less than about 1 °C per day during 
pyrolysis. 

1388. The method of claim lp8 1, wherein heating the first section or heating the second 
section further comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

1390. The method of claim 1381, vmerein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater than about 0.5 W/(m °C). 

1391. The method of claim 1 3 8 if, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about 25°. 

1392. The method of claim 1381 9 further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



1 3 93 . The method of claim 1381, further comprising producing a mixture from the 



second section, wherein th< 



and wherein a molar ratio c f ethene to ethane in the non-condensable hydrocarbons 



ranges from about 0.001 to 



produced mixture comprises non-condensable hydrocarbons, 



about 0.15. 
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1394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



1 395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 



condensable hydrocarbons is oxygen. 




20 



1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced niixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weighty when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the producfed mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to apout 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing confounds, and wherein the oxygen containing compounds 
comprise phenols. 



25 



1398. The method of claim 168 1, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 2j0 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 



1399. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 (X> by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 
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1 400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



1 40 1 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by/weight>of the condensable hydrocarbons 
are cycloalkanes. 



1 402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1 403 . The method of claim 1381, furither comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

1404. The method of claim 1381,/further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 



1405. The method of claim 1381, further comprising controlling a pressure within at 



least a majority of the first or s< 



pressure is at least about 2.0 ba- absolute. 



1406. The method of claim 13 
produce a mixture of condensable 
within the mixture is greater th&n 



cond section of the formation, wherein the controlled 



81, further comprising controlling formation conditions to 
hydrocarbons and H2, wherein a partial pressure of H2 
about 0.5 bar. 
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1407. The method of claim 1406, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. 



1408. The method of claim 1381, further comprising ^ltering a pressure within the 
formation to inhibit production of hydrocarbons from ^e formation having carbon 
numbers greater than about 25. 



1 409. The method of claim 1381, further comprising: 
providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the second sectiorf with heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 
producing hydrogen and condensaole hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 

1412. The method of claim 138 1, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



1413. The method of claim 138fl, further comprises controlling the heating of the first 
section or controlling the heat of] the second section to yield greater than about 60 % by 
weight of condensable hydrocarl >ons, as measured by Fischer Assay. 



416 



Conley, Rose & Tayon, P C. 



1414. The method of claim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

_ sources c omprises a triangular pattern. 

1416. The method of claim 1381, further comprising Providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1417. A method of treating a coal formation/in situ, comprising: 
providing heat from one or more he^t sources to at least a portion of the 

formation; 

allowing the heat to transfer from jfhe one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mixture is greater than about 0.5 bar. 



1418. The method of claim 1417, Avherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. 

1421. The method of claim 1417, wherein the one oi/more heat sources comprise 
surface burners. 

1422. The method of claim 1417, wherein the pie or more heat sources comprise 
flameless distributed combustors. 

1423. The method of claim 1417, wherein /he one or more heat sources comprise natural 
distributed combustors. 

1424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functioiyof temperature, or the temperature is controlled as 
a function of pressure. 

1425. The method of claim 1417, Anther comprising controlling the heat such that an 
average heating rate of the selecteq section is less than about 1 °C per day during 
pyrolysis. 

1426. The method of claim 14 1/7, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. A 



1427. The method of claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 

1429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity ok at least about 25°. 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

143 1 . The method of claim 141 17, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The method of claim lfl-17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyd ocarbons is nitrogen. 
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1433. The method of claim 141 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

yf the condensable hydrocarbons is sulfu/ 



i» 



1435. The method of claim 1417, wherein/the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phends. 



4* 



3* < 



1436. The method of claim 1417, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1437. The method of claim 14F7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 5 % by weight of the condensable 

20 hydrocarbons comprises multnring aromatics with more than two rings. 



25 



1438. The method of claim 1417, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein 
hydrocarbons are asphaltenefc 



< ss than about 0.3 % by weight of the condensable 



1439. The method of clain 
hydrocarbons, and wherein 
condensable hydrocarbons 



30 1440. The method of claim 
condensable component, wh 



1417, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the 
$re cycloalkanes. 



417, wherein the produced mixture comprises a non- 
rein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 

and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

/ 

1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of the/ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1444. The method of claim 1417, furthet comprising altering a pressure within the 
formation to inhibit production of hydrqcarbons from the formation having carbon 
numbers greater than about 25. 

1445. The method of claim 1417, wnerein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1446. The method of claim 141 7/further comprising: 
providing hydrogen (H2) tp the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the Action with heat from hydrogenation. 



1 447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ . 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1451. The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and/ wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portioryof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1454. The method of alaim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1455. A method of tijbating 

providing heat 
formation: 



a coal formation in situ, comprising: 
from one or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of Ft, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity/6f at least about 25°. 



1456. The method of claim 1455, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocartjons within the selected section of the 
formation. 



1457. The method of claim 1455, further comprising maintaining a temperature within 
the selected section within a pyrolysfs temperature range. 

1458. The method of claim 1455/ wherein the one or more heat sources comprise 
electrical heaters. 

1459. The method of claim 1^55, wherein the one or more heat sources comprise 
surface burners. 

1460. The method of clairry 1455, wherein the one or more heat sources comprise 
flameless distributed combmstors. 

1461 . The method of clapi 1455, wherein the one or more heat sources comprise natural 
distributed combustors. 



1462. The method of c 
temperature within at le&st 



aim 1455, further comprising controlling the pressure and a 
a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (V) of /he coal formation from the one or more heat 
sources, wherein the formation has an Average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heatirfg energy/day, h is an average heating rate of the 
formation, p B is formation bulk pensity, and wherein the heating rate is less than about 10 
°C/day. 

1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sejetion is greater than about 0.5 W/(m °C). 



1467. The method of cldim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 

/ ■ 



1470. The method of claim 1455, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about lr/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



f 
III. 
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1471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim* 145 5, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise pnenols. 



25 



1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein le: 
hydrocarbons comprises mult 



5 than about 5 % by weight of the condensable 
ring aromatics with more than two rings. 
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1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1476. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1477. The method of claim 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensab/e component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than/about 80 % by volume of the non- 
condensable component. 

1478. The method of claim 1455, wherein th© produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein me produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section o^the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1481 . The method of claim 1455, fur tiher comprising increasing the pressure of the 
selected section, to an upper limit of aiout 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 



1482. The method of claim 1455, 
section, to a lower limit of about atniosph 
condensable hydrocarbons produced 



her comprising decreasing pressure of the selected 
eric pressure, to increase an amount of 
from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well 



1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production 
numbers greater than about 25. 



formation to inhibit production of hydrocarbons from the formation having carbon 



1485. The method of claim 1455, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section ^ith heat from hydrogenation. 

1487. The method of claim 1455, fuixher comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of ttye produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1489. The method of claim l455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 490. The method of claim 
than about 60 % by weight of 



455, further comprising controlling the heat to yield greater 
condensable hydrocarbons, as measured by Fischer Assay. 
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'1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1494. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; / 

producing a mixture from me formation. 

1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least soma hydrocarbons within the selected section of the 
formation. 



the selected section within a p 



1496. The method of claim 1494, further comprising maintaining a temperature within 



rolysis temperature range. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 

498. The method of claim 1494, wherein the one or more heat sources comprise 



1499. The method of claim 1494, wherein the one' or more heat sources comprise 
surface burners. / 

1500. The method of claim 1494, wherein me one or more heat sources comprise 
flameless distributed combustors. / 

1 501 . The method of claim 1494, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1 502. The method of claim 1494, mrther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 504. The method of claim 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 



ectrical heaters. 




/ 



/ 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1505. The method of claim 1494, wherein allowii)g the heat to transfer comprises 
transferring heat substantially by conduction. 

1506. The method of claim 1494, wherein pn/viding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1508. The method of claim 1494, wtterein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. V % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1510. The method of claim 1A94, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hyd 



■ocarbons is nitrogen. 



\ 
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1511. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1512. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/When calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1513. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1514. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1515. The method of claim 1 494, wfterein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/aromatics with more than two rings. 

1516. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1517. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1518. The method of claim 1 494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, whereinihe produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521. The method of claim 1 494, further comprising controlling a pressure within at 
least a majority of the selected section/ of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1522. The method of claim 1494,/fiirther comprising controlling formation conditions to 
produce the mixture, wherein a palrtial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1523. The method of claim 1494, wherein the partial pressure of H2 within the mixture 
is measured when the mixture/is at a production well. 

1 524. The method of claim/l494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboutf 25. 

1525. The method of claim 1494, wherein providing hydrogen (H2) to the formation 
further comprises: 

hydrogenating hydrocarbons within the section; and 



1526. The method of claim \ 494, further comprising: 



heating a portion oflthe section with heat from hydrogenation. 
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producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



5 1 527. The method of claim 1494, wherein allowing the heat to transfer comprises 

/' 

increasing a permeability of a majority of the select^ section to greater than about 100 
millidarcy. 



10 



1528. The method of claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
-the formation for each production well. 

1531. The method of claim 1494, nirther comprising providing heat from three or more 
20 heat sources to at least a portion ofirhe formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular partem. 



1532. The method of claim 1494, further comprising providing heat from three or more 
25 heat sources to at least a portiom of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation t3 form a repetitive pattern of units. 



30 1533. A method of treating a 



oal formation in situ, comprising: 
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11 



15 



providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

providing H 2 to the selected section to hydrogenate hydrocarbons within the 

selected section and to heat a portion of the section with heat from the hydrogenation; 

/ 

and I 

controlling heating of the selected section by controlling amounts of H 2 provided 



to the selected section. 



/ 



■P 

111 
41 



1 534. The method of claim 1533, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1535. The method of claim 1533, furcher comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1536. The method of claim 1533, wherein the one or more heat sources comprise 
20 electrical heaters. 

1537. The method of claim 153^, wherein the one or more heat sources comprise 
surface burners. 



25 1 538. The method of claim 1 5^3, wherein the one or more heat sources comprise 
flameless distributed combustoi 



30 



1539. The method of claim 
distributed combustors. 



1533, wherein the one or more heat sources comprise natural 
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1540. The method of claim 1 533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 541 . The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis^, / 

1 542. The method of claim 1533, wherein nfcviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1543. The method of claim lp33, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1544. The method of claim 1533, wherein providing heat from the one or more heat 
sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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1546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



1 547. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the r(on-condensable hydrocarbons ranges 
from about 0.00 1 to about 0.15. / 



1548. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wpen calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1549. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixtdre comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygef 

1550. The method of claim 1533^, further comprising producing a mixture from the 
formation, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



1551. The method of claim A 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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1552. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

1554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

1555. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

1556. The method of claim 1535, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by vomme of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1557. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produc ed mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of thelproduced mixture is ammonia. 
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1 558. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



Ill 



10 
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1559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1560. The method of claim 1533, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 



1561. The method of claim 1 560, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1562. The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



20 1 563. The method of claim 1 533,/further comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 



25 
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1564. The method of claim 153p, further comprising: 

producing hydrogen and/condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1 565. The method of claim 
increasing a permeability of a 
millidarcy. 



1533 



, wherein allowing the heat to transfer comprises 
majority of the selected section to greater than about 100 
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1566. The method of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



rj 
111 

m 




1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 

es are disposed in the formation for each production well. 

/ 

1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit oyheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1569. The method of claim 1533, further c/omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing H2 from a coal formation, comprising: 
20 providing heat from one or pore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture froth the formation, wherein a H 2 partial pressure within the 
25 mixture is greater than about 0/5 bar. 
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1571. The method of claim 1570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sorpe hydrocarbons within the selected section of the 
formation. 
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1572. The method of claim 1570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1573. The method of claim 1570, wherein the one or/more heat sources comprise 
5 electrical heaters. 



1574. The method of claim 1570, wherein the pne or more heat sources comprise 
surface burners. 

10 1575. The method of claim 1570, wherein/the one or more heat sources comprise 
flameless distributed combustors. 

1576. The method of claim 1 570, wherein the one or more heat sources comprise natural 
distributed combustors. 



15 



20 



1 577. The method of claim 1 570, furfher comprising controlling a pressure and a 
temperature within at least a majority /of the selected section of the formation, wherein 
the pressure is controlled as a functicpi of temperature, or the temperature is controlled as 
a function of pressure; 

1 578. The method of claim 1 570, iKirther comprising controlling the heat such that an 
average heating rate of the selectecj section is less than about 1 °C per day during 
pyrolysis. 



25 
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1 579. The method of claim 1 57' 
sources to at least the portion of 
heating a selected volume 
sources, wherein the formation h 
pyrolyzes at least some hydrocar 



, wherein providing heat from the one or more heat 
: donation comprises: 

(V) of the coal formation from the one or more heat 
as an average heat capacity (C v ), and wherein the heating 
sons within the selected volume of the formation; and 



wherein Pwr is calculated by the 



wherein heating energy/day provided to the volume is equal to or less than Pwr, 



iquation: 
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Pwr = /z*F*C v *p* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1580. The method of claim 1 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 



1581. The method of claim 1 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1582. The method of claim 1570, wheyein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1583. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 584. The method of claim 1 5^0, wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranees from about 0.001 to about 0.15. 

1585. The method of claim A 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein 1'ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1586. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and where ir less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1587. The method of claim 1570 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1588. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenols. 



1589. The method of claim 1570, wherein^the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1590. The method of claim 1570, wheyein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1591. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tha^ about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1592. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboui 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1593. The method of claim 1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 



component, and wherein the 
condensable component. 



ydrogen is less than about 80 % by volume of the non- 
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1 594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 595. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 596. The method of claim 1 570, further comprising controlling a pressure within at 
least a majority of the selected section of the4ormation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 597. The method of claim 1 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

* / 

1 599. The method of claim 1 570, further comprising condensing a hydrocarbon 
component from the produced rr^xture and hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. 

1 600. The method of claim 1 570, further comprising: 
providing hydrogen (^t 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of die section with heat from hydrogenation. 



1 60 1 . The method of claim 1 570, wherein allowing the heat to transfer comprises 
increasing a permeability qf a majority of the selected section to greater than about 100 
millidarcy. 
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1602. The method of claim 1570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 603. The method of claim 1 570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1604. The method of claim 1570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

1605. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 606. The method of claim 1 5 70, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 

1 607. The method of claii 
is measured when the mixt 

1608. A method of treatimg a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat vo transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen weight percent^ ge of at least a portion of hydrocarbons in the selected section, 
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1570, wherein the partial pressure of H 2 within the mixture 
re is at a production well. 



• 



and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. 

1609. The method of claim 1608, wherein the' one or more heat sources comprise at 
least two heat sources, and wherein superpositioh of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1608, wjherein the one or more heat sources comprise 
electrical heaters. 

1612. The method of claim 1608/wherein the one or more heat sources comprise 
surface burners. 

1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1614. The method of claim 
distributed combustors. 



/608, wherein the one or more heat sources comprise natural 



1615. The method of claim 1608, further comprising controlling a pressure and a 
temperature within at least /a majority of the selected section of the formation, wherein 
the pressure is controlled afs a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1617. The method of claim 1608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the/coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1618. The method of claim V608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of claim 1608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1620. The method of alaim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 62 1 . The method off claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % hjj weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1624. The method of claim 1608, wherein ihe produced mixture comprises condensable 
hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1626. The method of claim 1608,/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes/ 

/ 

163 1 . The method of claim 1608, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 

wherein the hydrogen is greater than afcout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



m 

ei 

Q 

m 

J* 

m 



15 1632. The method of claim 160S, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0/05 % by weight of the produced mixture is ammonia. 

1633. The method of claim lo08, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



1634. The method of claim/1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



1636. The method of c 
30 is measured when the m 



aim 1635, wherein the partial pressure of H2 within the mixture 
xture is at a production well. 
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1 637. The method of claim 1 608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the/mixture into the formation. 

1639. The method of claim 1608, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 1608, furaier comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1641. The method of claim 1608/ wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1642. The method of claim 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1643. The method of claim /l 608, further comprising controlling the heat to yield greater 
than about 60 % by weight <pf condensable hydrocarbons, as measured by Fischer Assay. 

1644. The method of claii 
the mixture in a productior 
the formation for each pro< 
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1608, wherein producing the mixture comprises producing 
well, and wherein at least about 7 heat sources are disposed in 
uction well. 



t f 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un'it of heat sources, wherein the unit of heat 



sources comprises a triangular pattern, wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

? : 
tor 

^ 1647. A method of treating a coal for/nation in situ, comprising: 

«! / 

„P providing heat from one or nupre heat sources to at least a portion of the 

V formation; 

'P 15 allowing the heat to transfer/from the one or more heat sources to a selected 

ft) 

I- section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 

III atomic hydrogen weight percentage of greater than about 4.0 %; and 
p producing a mixture frorp the formation. 



1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sorpe hydrocarbons within the selected section of the 
formation. 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1650. The method of claim 1647, wherein the one or more heat sources comprise 
30 electrical heaters. 
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165 1 . The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. 

1652. The method of claim 1647, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1653. The method of claim 1647, wherein/the one or more heat sources comprise natural 



distributed combustors. 



/ 



1654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority /of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1655. The method of claim 1647/ further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1656. The method of claim lo47, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 

Pwr = h*V*C v *p B l 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1657. The method of claim 1647, wherein allowing the heat to transfer comprises 



transferring heat substantially by conduction 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1660. The method of claim 1647, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

f«J condensable hydrocarbons are olefins. - 

m 

1 66 1 . The method of claim 1 647, wherein the produced mixture comprises non- 
*P condensable hydrocarbons, and wherein 2/ molar ratio of ethene to ethane in the non- 
jjj 15 condensable hydrocarbons ranges from ^(bout 0.001 to about 0.15. 

h 

e jp 1662. The method of claim 1647, wherein the produced mixture comprises condensable 

!!J ■ / 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

-USB. * I 

**i basis, of the condensable hydrocarbons is nitrogen. 



20 

1663. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 1664. The method of claim 164fr, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less 



han about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydroc arbons is sulfur. 

1665. The method of claim 1647, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by / weight of the condensable 
hydrocarbons are aromatic compounds. 



1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



Mr 
Ith 



hydrocarbons comprises multi-ring aromatics vyith more than two rings. 

/ 

1668. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about p. 3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1669. The method of claim 1647, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % py weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1670. The method of claim 1647, wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1671. The method of claim A 647, wherein the produced mixture comprises ammonia, 
and wherein greater than abtiut 0.05 % by weight of the produced mixture is ammonia. 



1 672. The method of clai 
and wherein the ammonia 



1647, wherein the produced mixture comprises ammonia, 
s used to produce fertilizer. 
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1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 

bar. 

1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1676. The method of claim 1647, farther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of claim 1647, further comprising: 

providing hydrogen (H£) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of thjb section with heat from hydrogenation. 



1 679. The method of claim 
producing hydrogen 
hydrogenating a portion 

portion of the produced hyc rogen. 



1647, further comprising: 

and condensable hydrocarbons from the formation; and 

of the produced condensable hydrocarbons with at least a 



1 680. The method of claim 
increasing a permeability o 
millidarcy. 



1647, wherein allowing the heat to transfer comprises 
a majority of the selected section to greater than about 100 
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1681 . The method of claim 1647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



•0 

m 



1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 
10/ the formation for each production Well. 



1684. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portioiyof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
15 sources comprises a triangular pattern. 



ru 



1685. The method of clainy 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a coal formation in situ, comprising: 

providing heat ff om one or more heat sources to at least a portion of the 
25 formation; 

allowing the heht to transfer from the one or more heat sources to a selected 
section of the formatio r 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
30 portion of the hydrocaibons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; 
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wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 

1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition oflieat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



1688. The method of claim 1686, further c/omprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1 689. The method of claim 1 686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the producecymixture comprises condensable hydrocarbons. 

1690. The method of claim 1686/ wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691 . The method of claim 1686, wherein the one or more heat sources comprise 
electrical heaters. / 

1692. The method of clainy 1686, wherein the one or more heat sources comprise 
surface burners. 

1 693 . The method of claii 
flameless distributed comb 



1686, wherein the one or more heat sources comprise 
stors. 



1694. The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 695. The method of claim 1 686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 



1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 697. The method of claim 1 686, whereM providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) oythe coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eduation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



a function of pressure. 



/ 




457 



Conley, Rose & Tayon, P.C. 



s $ 



1701. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1702. The method of claim 1686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/0.001 to about 0.15. 

10 1703. The method of claim 1686, wherein the produced mixture comprises condensable 
p hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 

p 1 704. The method of claim 1 686,/wherein the produced mixture comprises condensable 

X ! / 

.j5l 15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
;i basis, of the condensable hydrocarbons is oxygen. 

4° 

'** 1705. The method of claim 1686, wherein the produced mixture comprises condensable 



'V- 



hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
20 basis, of the condensable hyarocarbons is sulfur. 

1 706. The method of clami 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise ©xygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 

1707. The method of daim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

30 
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1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



u 



si 

o 
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1710. The method of claim 1686, wherein the /produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the non/condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1712. The method of claim 1686, Wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 



1713. The method of claim 1686/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used/to produce fertilizer. 

25 1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1715. The method of claim 
30 produce the mixture, wherein 
about 0.5 bar. 



686, further comprising controlling formation conditions to 
a partial pressure of H2 within the mixture is greater than 
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1716. The method of claim 1715, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



5 1717. The method of claim 1686, further comprising/altering a pressure within the 
formation to inhibit production of hydrocarbons froni the formation having carbon 
^■^^nibers greater than about 25. | 

» 

1718. The method of claim 1686, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 

/ 

1719. The method of claim 1686, further comprising: 

providing hydrogen (H2) to theyheated section to hydrogenate hydrocarbons 
within the section; and 
15 heating a portion of the section with heat from hydrogenation. 



20 



1720. The method of claim 16867 further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion yf the produced condensable hydrocarbons with at least a 

portion of the produced hydroge 



25 



1 72 1 . The method of claim 1686, wherein allowing the heat to transfer comprises 
increasing a permeability of apiajority of the selected section to greater than about 100 
millidarcy. 



1 722. The method of claim 
substantially uniformly increasing 



1686, wherein allowing the heat to transfer comprises 
a permeability of a majority of the selected section. 



1 723 . The method of claim 
30 than about 60 % by weight o 



1686, further comprising controlling the heat to yield greater 
condensable hydrocarbons, as measured by Fischer Assay. 
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1 724. The method of claim 1 686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1725. The method of claim 1686, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

z 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1726. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit cff heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1 727. A method of treating a coal formation in situ, comprising: 

providing heat from one or more l/eat sources to at least a portion of the 
formation; 

allowing the heat to transfer froqfr the one or more heat sources to a selected 
section of the formation; 

wherein the selected section ha£ been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and / 

producing a mixture from the formation. 



1728. The method of claim 1727 
least two heat sources, and wherein 
sources pyrolyzes at least some hydrocarbons 
formation. 



wherein the one or more heat sources comprise at 
superposition of heat from at least the two heat 
within the selected section of the 
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1729. The method of claim 1727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
electrical heaters. 



1731, The method of claim 1 727, wherein the one or more heat sources comprise 
surface burners. / 



1732. The method of claim 1727, wherein the pne or more heat sources comprise 
flameless distributed combustors. 



1733. The method of claim 1727, wherein tpe one or more heat sources comprise natural 
distributed combustors. 

1734. The method of claim 1727, further/comprising controlling a pressure and a 
temperature within at least a majority of uie selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1735. The method of claim 1727, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



i 7 ) 



1 736. The method of claim 1 727, 
sources to at least the portion of forfnation 

heating a selected volume 
sources, wherein the formation has 
pyrolyzes at least some hydrocarbons 

wherein heating energy/da) 
wherein Pwr is calculated by the equation 



yherein providing heat from the one or more heat 
comprises: 

of the coal formation from the one or more heat 
an average heat capacity (C v ), and wherein the heating 

within the selected volume of the formation; and 
provided to the volume is equal to or less than Pwr, 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1737. The method of claim 1727, wherein allowing the^heat to transfer comprises 
transferring heat substantially by conduction. / 

1738. The method of claim 1727, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than abfout 0.5 W/(m °C). 

1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1740. The method of claim 1727, wherei] 
hydrocarbons, and wherein about 0.1 % bj 
condensable hydrocarbons are olefins. / 



'the produced mixture comprises condensable 
weight to about 15 % by weight of the 



1741 . The method of claim 1727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1742. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1743. The method of claim 1727 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1745. The method of claim 1727, wherein the produced,mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3 0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1 746. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1747. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1748. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1749. The method of claim 1727/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about/5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are CMcloalkanes. 

1750. The method of claim 1727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

\ 
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1751. The method of claim 1727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1752. The method of claim 1727, wherein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used to produce fertilizer. 



til 
ill 

m 
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1753. The method of claim 1727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1754. The method of claim 1727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressijre of H2 within the mixture is greater than 
about 0.5 bar. 

15 1755. The method of claim 1754, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1756. The method of claim 1727, further comprising altering a pressure within the 
formation to inhibit production of hjprocarbons from the formation having carbon 
20 numbers greater than about 25. 



25 



1757. The method of claim 17277 further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



172/7. 



further comprising: 
to the heated section to hydrogenate hydrocarbons 



30 1759. The method of claim I7p, 
producing hydrogen and 



1758. The method of claim 1 

providing hydrogen (H2) 
within the section; and 

heating a portion of the Section with heat from hydrogenation 



, further comprising: 
condensable hydrocarbons from the formation; and 



1 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1760. The method of claim 1727, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / / 



1761 . The method of claim 1727, wherein allowing the heat to transfer comprises 

/ 

substantially uniformly increasing a permeability ofa majority of the selected section. 



1762. The method of claim 1727, further composing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1764. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1765. The method of claim 1727,/further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 



/ 




formation; 



466 



Conley, Rose & Tayon, P.C. 



allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method of claim 1766, wherein the one or more lieat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the ^elected section of the 
formation. 

1768. The method of claim 1766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1769. The method of claim 1766, wherein the 9<ne or more heat sources comprise 
electrical heaters. 

1770. The method of claim 1766, wherein y\c one or more heat sources comprise 
surface burners. 

1771. The method of claim 1766, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1772. The method of claim 1766, wherein the one or more heat sources comprise natural 
distributed combustors. 



1773. The method of claim 1766, /further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 



the pressure is controlled as a fun> 
a function of pressure. 



;tion of temperature, or the temperature is controlled as 
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1774. The method of claim 1766, farther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1775. The method of claim 1766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volun^e is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 



wherein Pwr is the heating energy/day, h is an ^verage heating rate of the 
formation, ps is formation bulk density, and wherein &e heating rate is less than about 10 
°C/day. / 

1776. The method of claim 1766, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1777. The method of claim 1766, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1778. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at/least about 25°. 

1779. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/j by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins./ 
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1 780. The method of claim 1 766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 1 to about 0.15. 

/ 

1781. The method of claim 1766, wherein the produced mixture c<^nprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basi^of the condensable hydrocarbons is nitrogen. ^ 

1782. The method of claim 1766, wherein the produced fixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight; when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is suli 



1784. The method of claim 1766, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenyls. 

1785. The method of claim 1 766, /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1786. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1787. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1788. The method of claim 1766, wherein the produce^mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



1789. The method of claim 1766, wherein tlWproduced mixture comprises a non- 
condensable component, wherein the non-coiidensable component comprises hydrogen, 
wherein the hydrogen is greater than about/10 % by volume of the non-condensable 
component, and wherein the hydrogen is/less than about 80 % by volume of the non- 
condensable component. / 

1790. The method of claim 1766, Wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1791. The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1792. The method of claim 1766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1793. The method of clafim 1766, further comprising controlling formation conditions to 
produce the mixture, whjferein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1794. The method of 
is measured when the 1 



plaim 1793, wherein the partial pressure of H2 within the mixture 
fixture is at a production well. 
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1795. The method of claim 1 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1796. The method of claim 1766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1797. The method of claim 1766, further comprising: 
providing hydrogen (H2) to the heated/Section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wi&i heat from hydrogenation. 

1798. The method of claim 1766, furaier comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of/he produced condensable hydrocarbons with at least a 

portion of the produced hydroger 

1799. The method of claim 1#66, wherein allowing the heat to transfer comprises 
increasing a permeability of f majority of the selected section to greater than about 100 
millidarcy. 

1800. The method of claim 1766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1801. The method of claim 1 766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 802. The method of claim 1 766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1803. The method of claim 1766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 805. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected sectipn has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about 15% when measured on a dry, ash free 
basis; and / 

producing a mixture pom the formation. 

1806. The method of claim 1805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1808. The method of claim 1805, wherein the one or more heat sources comprise 
electrical heaters. 



1 809. The method of claim 1 805, wherein the one or more heat sources comprise 
surface burners. , 



1810. The method of claim 1805, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1811. The method of claim 1 805, wnerein the one or more heat sources comprise natural 
distributed combustors. / 

1812. The method of claim 1 805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a ninction of temperature, or the temperature is controlled as 
a function of pressure. / 

1813. The method of claim 1805, further comprising controlling the heat such that an 
average heating rate of theyselected section is less than about 1 °C per day during 
pyrolysis. / 

1814. The method of cVaim 1805, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least somfe hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calcu ated by the equation: 




Pwr = h*V*C v % 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected sectipn such that a thermal conductivity of at least 
a portion of the selected section is greater/man about 0.5 W/(m °C). 

1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravitWof at least about 25°. 

1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons areMefins. 

1819. The method of claim 1 805, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 82 1 . The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 822. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1823. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/ 



1824. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 825. The method of claim 1806, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 5 % by weight of the condensable 
hydrocarbons comprises multi-png aromatics with more than two rings. 

1826. The method of claim 4805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1827. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1829. The method of claim 1805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 



is at least about 2.0 bar absolute. 



/ 



/ 



832. The method of claim 1805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1833. The method of claim 1832, whe/ein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 834. The method of claim 1 805, further comprising altering a pressure within the 
formation to inhibit production of Ijfrdrocarbons from the formation having carbon 
numbers greater than about 25. 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hyarogen from the mixture into the formation. 

1 836. The method of claim U805, further comprising: 
providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of jthe section with heat from hydrogenation. 



1 837. The method of claim 1 805, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1 839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 



1840. The method of claim 1805, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 841 . The method of claim 1 805, wherefin producing the mixture comprises producing 
the mixture in a production well, and wMerein at least about 7 heat sources are disposed in 
the formation for each production well/ 

1842. The method of claim 1 805, finther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1843. The method of claim 1805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tc form a repetitive pattern of units. 

1 844. A method of treating a coal formation in situ, comprising: 





477 



Conley, Rose & Tayon, P.C. 




t 



providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or mo^e heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons within the/selected section have an initial 
atomic oxygen weight percentage of less than about / 5%; and 

producing a mixture from the formation. 

1 845. The method of claim 1 844, wherein the oAe or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons /vithin the selected section of the 
formation. 

1 846. The method of claim 1 844, further Comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range 

1847. The method of claim 1844, whe/ein the one or more heat sources comprise 
electrical heaters. 

1 848. The method of claim 1 844, v^ierein the one or more heat sources comprise 
surface burners. 

1 849. The method of claim 1 844/ wherein the one or more heat sources comprise 
flameless distributed combustorsJ 

1850. The method of claim 18^4, wherein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 $44, further comprising controlling a pressure and a 
temperature within at least a myority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1852. The method of claim 1844, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 853. The method of claim 1844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating eAergy/day, h is an average heating rate of the 
formation, p B is formation bulk der/sity, and wherein the heating rate is less than about 10 
°C/day. 

1854. The method of claim 18A4, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1855. The method of clairry 1844, wherein providing heat from the one or more heat 
sources comprises heating me selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 856. The method of claim 1 844, wherein the produced mixture comprises condensable 



hydrocarbons having an 



\PI gravity of at least about 25 c 
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1 857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio/of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 io f about 0.15. 

1859. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogfen. 

1 860. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 /% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 861 . The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons as sulfur. 

1 862. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 863. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



\ 
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1864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1865. The method of claim 1 844, wherein the producec^mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tp about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 867. The method of claim 1 844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about lyO % by volume of the non-condensable 
component and wherein the hydrogen is lesp than about 80 % by volume of the non- 
condensable component. 

1868. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % fay weight of the produced mixture is ammonia. 

1 869. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to pnoduce fertilizer. 



1 870. The method of claim 1 844, 
least a majority of the selected secti 
is at least about 2.0 bar absolute. 



1871. The method of claim 1 844 
produce the mixture, wherein a 
about 0.5 bar. 



ther comprising controlling a pressure within at 
of the formation, wherein the controlled pressure 



: urther comprising controlling formation conditions to 
partial pressure of H2 within the mixture is greater than 



481 



Conley, Rose & Tayon, P C. 



1 872. The method of claim 1871, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



1 873 . The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from/the formation having carbon 
numbers greater than about 25. 



1 874. The method of claim 1 844, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the n^xture into the formation. 

1 875. The method of claim 1 844, further comprising: 
providing hydrogen (H 2 ) to the heated ^ection to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section withjheat from hydrogenation. 

1 876. The method of claim 1 844, further/comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1877. The method of claim 1844, wnerein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 
/ 

1 878. The method of claim 1 844/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 879. The method of claim 1 84 
than about 60 % by weight of condensable 



, further comprising controlling the heat to yield greater 
hydrocarbons, as measured by Fischer Assay. 



I 
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1880. The method of claim 1844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1881. The method of claim 1844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat/sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 882. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of/heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1883. A method of treating a coal formation in situ, comprising: 
providing heat from one or more hpt sources to at least a portion of the 

formation; 

allowing the heat to transfer frorrjf the one or more heat sources to a selected 
section of the formation; 

wherein the selected section hasf been selected for heating using an atomic 
hydrogen to carbon ratio of at least a nortion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about 1.65; and 

producing a mixture from tne formation. 



1884. The method of claim 1883 J wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hyjdrocarbons within the selected section of the 
formation. 
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1885. The method of claim 1883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



Q 
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5 1 886. The method of claim 1 883, wherein the one or more heat sources comprise 
electrical heaters. 



/ 

1 887. The method of claim 1 883, wherein the one or more heat sources comprise 



10 



15 



20 



surface burners. 

1888. The method of claim 1883, wherein ^e one or more heat sources comprise 
flameless distributed combustors. 

1889. The method of claim 1883, wherein the one or more heat sources comprise natural 
distributed combustors. 

1890. The method of claim 1883, fqfther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



25 



30 



1891. The method of claim 1883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 892. The method of claim 1 883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 



484 



Conley, Rose & Tayon, P C. 



• 



wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
3 C/day. 



/ 



1893. The method of claim 1883, wherein allow/ng the heat to transfer comprises 
transferring heat substantially by conduction. 



1 894. The method of claim 1 883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1895. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of least about 25 c 

1896. The method of claim 1883, whprein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 fVo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 

1 897. The method of claim 1 883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wmerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1898. The method of claim 1883, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less 



basis, of the condensable hydrocarbons is nitrogen 



;han about 1 % by weight, when calculated on an atomic 
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1 899. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 




1900. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

/ 

/ 

1901. The method of claim 1883, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to' about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols, j 



1902. The method of claim 1883, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than pout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds.) 



20 



1903. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiy about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/aromatics with more than two rings. 



25 



1904. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1905. The method of claim 1«83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1906. The method of clairr 

condensable component, wHerein 



1883, wherein the produced mixture comprises a non- 
the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. . 

* 

A 

1907. The method of claim 1883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight o 7 f the produced mixture is ammonia. 



1908. The method of claim 1883, wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1909. The method of claim 1883, further comprising controlling a pressure within at 
least a majority of the selected section of /he formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1910. The method of claim 1883, farmer comprising controlling formation conditions to 
produce the mixture, wherein a partiay pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at ja production well. 

1912. The method of claim 1883/ further comprising altering a pressure within the 
formation to inhibit production oi| hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1914. The method of claim 1 8)83 

providing hydrogen (H : 
within the section; and 



, further comprising: 
to the heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 

1915. The method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



u 

m 
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1916. The method of claim 1883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

10 millidarcy. 

1917. The method of claim 1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

15 1918. The method of claim 1 883, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by Fischer Assay. 

1919. The method of claim 1 883, wherein producing the mixture comprises producing 
the mixture in a production well, and wperein at least about 7 heat sources are disposed in 
20 the formation for each production well/ 



25 



1 920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of tile formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



1921. The method of claim 18831 further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1922. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70;^/ 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65; and 
producing a mixture from the formation. / 

1923. The method of claim 1922, wherein the one more heat sources comprise at 
least two heat sources, and wherein superposition of peat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1925. The method of claim 1922, wherein the one or more heat sources comprise 
electrical heaters. / 

1926. The method of claim 1922, wherein me one or more heat sources comprise 
surface burners. / 

1927. The method of claim 1922, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1928. The method of claim 1922, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abot^t 1 °C per day during 
pyrolysis. 

193 1 . The method of claim 1 922, wherein providing l/eat from the one or more heat 
sources to at least the portion of formation comprises^ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heatr capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided tope volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/da^, h is an average heating rate of the 
formation, p B is formation bulk density, an<j wherein the heating rate is less than about 1 0 
°C/day. 

1932. The method of claim 1922, wheyein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1933. The method of claim 1922, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 934. The method of claim 1 922 
hydrocarbons having an API gravity 



wherein the produced mixture comprises condensable 
of at least about 25°. 



\ 
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1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of Athene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/d by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxwen. 

1939. The method of claim 1922, whereinAhe produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 

1940. The method of claim 1922, wheyein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1941 . The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater ithan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



P 



fa 



a: 

111 



£ 

It 

LI 



1944. The method of claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to ^bout 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 1(Y% by volume of the non-condensable 
component, and wherein the hydrogen is les^f than about 80 % by volume of the non- 
condensable component. 

1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to p/oduce fertilizer. 

25 1948. The method of claim 1922, farther comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1949. The method of claim 1922] further comprising controlling formation conditions to 
30 produce the mixture, wherein a papal pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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1950. The method of claim 1949, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



/ 



1951. The method of claim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from toe formation having carbon 
numbers greater than about 25. 

1952. The method of claim 1922, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1953. The method of claim 1922, further comprising: 
providing hydrogen (H 2 ) to the heate^l section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wi^i heat from hydrogenation. 

1954. The method of claim 1922, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the/ produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 955. The method of claim 1 922, /wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1956. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1957. The method of claim 1922, 
than about 60 % by weight of qondensable 



further comprising controlling the heat to yield greater 
hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 959. The method of claim 1922, further comprising^providing heat from three or more 
heat sources to at least a portion of the formation, wfierein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



T 15 
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10 1960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, add wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1961 . A method of treating a coal formation in situ, comprising: 

providing heat from one or ipore heat sources to at least a portion of the 
HI formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portfion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarpons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
25 least a portion of the hydrocarbons in the selected section is less than about 0.15 and 
producing a mixture from the formation. 



30 



1962. The method of claim 1961, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leasf some hydrocarbons within the selected section of the 
formation. 



494 



Conley, Rose & Tayon, P C. 




1 963 . The method of claim 1 96 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heaters. 



1965. The method of claim 1961, wherein tjjie one or more heat sources comprise 
surface burners. / 

1966. The method of claim 1961, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1967. The method of claim 1961, wherein the one or more heat sources comprise natural 
distributed combustors. / - 

1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 969. The method of claim 1 96 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1970. The method of claim /l 961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hyc rocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1971. The method of claim 1961, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1973. The method of claim 1961/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1974. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensabl 



hydrocarbons is nitrogen. 
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1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

*^ t 

1978. The method of claim 1961, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1979. The method of claim 1961, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phemols. 

1980. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1981. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi/ring aromatics with more than two rings. 



25 



1982. The method of claim A 961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbon are cycloalkanes. 



30 1984. The method of cliim 
condensable component, 



1961, wherein the produced mixture comprises a non- 
wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1985. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight^/fhe produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1987. The method of claim 1961, further comprising controlling a pressure within at 
least a majority of the selected section of^de formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1988. The method of claim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim 198&( wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 990. The method of claim 1961, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1991. The method of claim 1961 ? further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 992. The method of claii n 1 96 1 , further comprising: 



providing hydrogen 
within the section; and 



(H2) to the heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 

1993. The method of claim 1961, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. , 



1994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the se/ected section to greater than about 100 
millidarcy. 

1995. The method of claim 1961, wherein flowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

1996. The method of claim 1961, furthfer comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1997. The method of claim 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1998. The method of claim 19ol, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1999. The method of claim 1961, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the 



brmation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

A method of treating a coal formation in situ, comprising 
5 providing heat from one or more heat sources to a selected section of the 

formation; J 

allowing the heat to transfer from the onp or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
10 atomic oxygen to carbon ratio greater thare about 0.025; 

wherein the initial atomic oxygen to carbon ratio is less than about 0.15; and 
producing a mixture from the formation. 



2001 . The method of claim 2000, wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
20 the selected section within ajpyrolysis temperature range. 

2003. The method of claip 2000, wherein the one or more heat sources comprise 
electrical heaters. 



25 2004. The method of cljaim 2000, wherein the one or more heat sources comprise 
surface burners. 

2005. The method of <plaim 2000, wherein the one or more heat sources comprise 
flameless distributed c<f>mbustors 

30 
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2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 



2007. The method of claim 2000, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. 



/ 



/ 

/. . 



2008. The method of claim 2000, further comprising controlling the heat such that an 
10 average heating rate of the selected section is l^ess than about 1 °C per day during 
pyrolysis. 



2009. The method of claim 2000, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 
15 heating a selected volume (V) of ihe coal formation from the one or more heat 

sources, wherein the formation has an ^verage heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the eqiption: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating inergy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

25 2010. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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201 1 . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



201 5. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

201 6. The method of claim 2000, wherein ihe produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

2018. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by height to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2019. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2021 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



10 2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tp about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

2023. The method of claim 2000, wherein the produced mixture comprises a non- 
15 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is lerss than about 80 % by volume of the non- 
condensable component. / 

20 2024. The method of claim 2000, whe/ein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

2025. The method of claim 2000, wnerein the produced mixture comprises ammonia, 
and wherein the ammonia is used to Produce fertilizer. 

25 / 

2026. The method of claim 2000,/further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 




L 



503 



Conley, Rose & Tayon, P C. 



2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

i 

2028. The method of claim 2027, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



10 



2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from/the formation having carbon 
numbers greater than about 25. 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the niixture into the formation. 

15 203 1 . The method of claim 2000, further comprising: 

providing hydrogen (H2) to the heatecy section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section witty heat from hydrogenation. 

20 2032. The method of claim 2000, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



25 2033. The method of claim 2000, vyherein allowing the heat to transfer comprises 

increasing a permeability of a majofity of the selected section to greater than about 100 
millidarcy. 



2034. The method of claim 2000, wherein allowing the heat to transfer further 
30 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 
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2035. The method of claim 2000, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 



2037. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formatio^, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2038. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in A unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern^ and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2039. A method of treating a coaf formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using a moisture 
content in the selected section, and wherein at least a portion of the selected section 
comprises a moisture content/ of less than about 15%; and 

producing a mixture pom the formation. 

2040. The method of claim 2039, wherein the one or more heat sources comprise at v 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2041. The method of claim 2039, farther comprising maintaining a temperature within 
js the selected section within a pyrolysis temperature range. 

The method of claim 2039, wherein the one or mfore heat sources comprise 
electrical heaters. 
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10 2043. The method of claim 2039, wherein the or^e or more heat sources comprise 
surface burners. 

2044. The method of claim 2039, wherein tlj/e one or more heat sources comprise 
flameless distributed combustors. 



15 
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2045. The method of claim 2039, wher^n the one or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 2039, farther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2047. The method of claim 2039, farther comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2048. The method of claim (2039, wherein providing heat from the one or more heat 
sources to at least the portioA of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



°C/c 



/ 



2049. The method of claim 2039, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

205 1 . The method of claim 203 9 /wherein the produced mixture comprises condensable 
hydrocarbons having an API grawty of at least about 25°. 

2052. The method of claim 205 9, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

2053. The method of clairry2039, wherein the produced mixture comprises non- 
condensable hydrocarbonsjand wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons/ranges from about 0.001 to about 0.15. 



2054. The method of claim 
hydrocarbons, and wherei i 
basis, of the condensable 



2039, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
ydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, i>f the condensable hydrocarbons is sulflir. 

2057. The method of claim 2039, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2058. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greaterythan about 20 % by weight of the condensable 
hydrocarbons are aromatic compo/mds. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multr-ring aromatics with more than two rings. 

2060. The method of clainV 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiryless than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



206 1 . The method of cl 
hydrocarbons, and wherein 
condensable hydrocarbobs 



m 2039, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the 
are cycloalkanes. 
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2062. The method of claim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2064. The method of claim 2039, wherein the produced mixture comprises ammonia, 



least a majority of the selected section/of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2066. The method of claim 2039,/further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2068. The method of clainy 2039, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboui 25. 

2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 




2065. The method of claim 2039 



and wherein the ammonia is used to produce fertilizer. 




2070. The method of claim 2039, further comprising: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

207 1 . The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2072. The method of claim 2039, wherein alio Wing the heat to transfer comprises 
increasing a permeability of a majority of the sheeted section to greater than about 100 
millidarcy. 

2073. The method of claim 2039, wherein/allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2075. The method of claim 2039, Wherein producing the mixture comprises producing 
the mixture in a production well, arid wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion bf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2077. The method of claim 2039 
heat sources to at least a portion 



further comprising providing heat from three or more 
of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



5 2078. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
^^aaon; /, 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; 
10 wherein at least a portion of the ^elected section has an initial moisture content of 

less than about 15%; and 

producing a mixture from the/formation. 



2079. The method of claim 2078, Avherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some Ijydrocarbons within the selected section of the 
formation. 

2080. The method of claim 2078, further comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

208 1 . The method of clairry 2078, wherein the one or more heat sources comprise 
electrical heaters. 



25 2082. The method of claip 2078, wherein the one or more heat sources comprise 
surface burners. 

2083. The method of claim 2078, wherein the one or more heat sources comprise 



flameless distributed coi 



bustors. 
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2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
distributed combustors. 



2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected sectionals less than about 1 °C per day during 
pyrolysis. 



2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {Vh of the coal formation from the one or more heat 
sources, wherein the formation has An average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/ equation: 

Pwr = h*V*C*p E 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bullf density, and wherein the heating rate is less than about 10 
°C/day. 



2088. The method of claim J2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2089. The method of claim 
sources comprises heating the 
a portion of the selected section 



2078, wherein providing heat from the one or more heat 
selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 
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2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abdut 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.0O1 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nit/ogen. 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078,/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 f/o by weight of the condensable 
hydrocarbons are asphaltenes. 

10 2100. The method of claim 2078, whereir/the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2101. The method of claim 2078, wMerein the produced mixture comprises a non- 
15 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thati about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

20 2 1 02. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



2103. The method of clainy 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2104. The method of clMm 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2105. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



2 1 06. The method of claim 2105, wherein the partial pressure of H2 within the mixture 



2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2108. The method of claim 2078, furthe/ comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2109. The method of claim 2078, further comprising: 

providing hydrogen (H 2 ) to me heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2110. The method of claim 20/8, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portimi of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2111. The method of claim 2078, wherein allowing the heat to transfer comprises 
increasing a permeability df a majority of the selected section to greater than about 100 
millidarcy. / 

2112. The method of chlim 2078, wherein allowing the heat to transfer further 
comprises substantially 1 niformly increasing a permeability of a majority of the selected 
section. 



is measured when the mixture is at a production well. 
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2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

21 14. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2115. The method of claim 2078, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit 91 heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2116. The method of claim 2078, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern and wherein a plurality of the units are repeated 



ry over an area of the formation to form a repetitive pattern of units 



20 2117. A method of treating a coal formation in situ, comprising: 

providing heat from one <fr more heat sources to at least a portion of the 
formation; 

allowing the heat to tra/isfer from the one or more heat sources to a selected 
section of the formation; 
25 wherein the selected ^ection is heated in a reducing environment during at least a 

portion of the time that the selected section is being heated; and 

producing a mixture from the formation. 

2118. The method of claim 2117, wherein the one or more heat sources comprise at 
30 least two heat sources, ar d wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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2119. The method of claim 2117, further comprising maintaining a temperature within 

the selected section within a pyrolysis temperature rang6. 

/ 

i 

/ 

/ 

2120. The method of claim 2117, wherein the one or more heat sources comprise 
electrical heaters. 

10 2121. The method of claim 2117, wherein fat one or more heat sources comprise 
surface burners. 

2122. The method of claim 2117, wherein the one or more heat sources comprise 
flameless distributed combustors. 

15 

2123. The method of claim 2117, ^herein the one or more heat sources comprise natural 
distributed combustors, 

2124. The method of claim 21 y7, further comprising controlling a pressure and a 
20 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a /unction of temperature, or the temperature is controlled as 
a function of pressure. 

2125. The method of claim 2117, further comprising controlling the heat such that an 
25 average heating rate of the /selected section is less than about 1 °C per day during 

pyrolysis. 



2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B f 

wherein Pwr is the heating energy/day, h is4n average heating rate of the 
formation, p B is formation bulk density, and whe/ein the heating rate is less than about 10 
°C/day. 



2127. The method of claim 2117, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2129. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2132. The method of claim 
hydrocarbons, and wherein 
basis, of the condensable 



2117, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
hydrocarbons is nitrogen. 
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2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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The method of claim 21 17, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weignt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

15 2136. The method of claim 2117, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 21 1/7, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi^ring aromatics with more than two rings. 



25 



2138. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



2 1 39. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2140. The method of claim 2117, wherein the produced mixture comprises a non- 
cbndensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 

and whe rein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 
/ 

2 1 42. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected sectioja of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 1 44, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2146. The method of claim 2117, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147. The method of dlaim 2117, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2148. The method of claim 2117, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2 149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2150. The method of claim 2117, whereii/ allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2151. The method of claim 2117, vynerein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2153. The method of claim 2/117, wherein producing the mixture comprises producing 
the mixture in a production Well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the /formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2155. The method of cl kim 
heat sources to at least a 
sources are located in the 



2117, further comprising providing heat from three or more 
3ortion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2156. A method of treating a coal formation in situ, comprising: 

heating a first section of the formation to produce a mixture from the formation; 

/ 

heating a second section of the formation; and 

recirculating a portion of the produce^ mixture from the first section into the 
second section of the formation to provide jl reducing environment within the second 
section of the formation. 

2157. The method of claim 2 1 56, filmier comprising maintaining a temperature within 
the first section or the second sectioti within a pyrolysis temperature range. 

2158. The method of claim 2156( wherein heating the first or the second section 
comprises heating with an electrical heater. 

2159. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a surface burner. 

2160. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a mameless distributed combustor. 

2161. The method of cfeim 2156, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 



2162. The method of/claim 2156, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2163. The method of claim 2156, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. 

method of claim 2156, wherein heating the first or the second section 

comprises: 

heating a selected volume (F) of the coal' formation from one or more heat 
sources, wherein the formation has an average/heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within/the selected volume of the formation; and 
10 wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equatior 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
15 °C/day. 



2165. The method of claim 2156,/ wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

20 2166. The method of claim 2156, wherein heating the first or the second section 

comprises heating the first or tme second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2167. The method of claim/2156, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 
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2168. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and whereip about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2169. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2 1 70. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



m 



2171. The method of claim 2156, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 y/by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbonsas sulfur. 



HI 
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2 1 73 . The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



2174. The method of claim 2166, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim/ 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2176. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



2177. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



2178. The method of claim 2156, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than at/out 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2179. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2180. The method of claim 2\ 56, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is/used to produce fertilizer. 

2181. The method of clapi 2156, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about? 2.0 bar absolute. 

2182. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. ' 

2183. The method of claim 2 1 82, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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2 1 84. The method of claim 2156, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2185. The method of claim 2156, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; /and 

heating a portion of the first or second iection with heat from hydrogenation. 



6. The method of claim 2156, further comprising: 

producing hydrogen and condensaole hydrocarbons from the formation; and 
hydrogenating a portion of the pyoduced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2187. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a permeability of a majority of the first or the second section to 
greater than about 100 millidarcy.< 

2188. The method of claim 2156, wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 

2 1 89. The method of claim 2156, further comprising controlling the heat to yield greater 
than about 60 % by weight/of condensable hydrocarbons, as measured by Fischer Assay. 

2 1 90. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least la portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



,.f; 
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2192. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 2 1 93. A method of treating a coal formation in situ, comprising: 

providing heat from one or mqfre heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer /From the one or more heat sources to a selected 
section of the formation such that d permeability of at least a portion of the selected 
15 section increases to greater than apout 100 millidarcy. 

'2194. The method of claim 219p, wherein the one or more heat sources comprise at 
least two heat sources, and wherfein superposition of heat from at least the two heat 
sources pyrolyzes at least some/hydrocarbons within the selected section of the 
20 formation. 



2 1 95. The method of claim 21 93, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



25 
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2 1 96. The method of claim 
electrical heaters. 

2197. The method of claim 
surface burners. 



2193, wherein the one or more heat sources comprise 



2193, wherein the one or more heat sources comprise 
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2198. The method of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. / 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of /temperature, or the temperature is controlled as 
a function of pressure. 

220 1 . The method of claim 2 1 93, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2193( wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation; has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pw, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 



2203. The method of cl?iim 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2205. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having aij 
API gravity of at least about 25°. 



2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to aboylt 15 % by weight of the condensable hydrocarbons 
are olefins. 



2207. The method of claim 21 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2208. The method of claim ^193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 %iby weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about I % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2210. The method of fclaim 
formation, wherein the 



2193, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

22 1 1 . The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the/oxygen containing compounds comprise 
phenols 



5 
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22 1 2. The method of claim 2 1 93 , further comprising producing a mixture from the 
formation, wherein the produced mixtureyfcomprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



22 1 3 . The method of claim 2 1 93, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



20 2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 °f by weight of the condensable hydrocarbons are 
asphaltenes. 



25 2215. The method of claifri 

formation, wherein the produced 
wherein about 5 % by we 
are cycloalkanes. 



30 2216. The method of cla 



2193, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, and 
ght to about 30 % by weight of the condensable hydrocarbons 



m 2193, further comprising producing a mixture from the 
formation, wherein the prdduced mixture comprises a non-condensable component, 

\ 
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wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2217. The method of claim 2193, further comprising j^r&ducing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 

/ 

about 0.05 % by weight of the produced mixture is 7 ammonia. 

2218. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2219. The method of claim 2193, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2220. The method of claim 2193, farther comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2221 . The method of claim 222(0, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well/ 

2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 2|5. 

2223. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 
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2224. The method of claim 2193, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



10 



2225. The method of claim 2193, further coinprising: 

producing hydrogen and condensable/hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
"portion of the produced hydrogen. 



2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 



.1- 



i 5 2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing/a permeability of a majority of the selected section. 

2228. The method of claim 215*3, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



20 



2229. The method of claim 2193, further comprising producing a mixture in a 
production well, wherein at Ipast about 7 heat sources are disposed in the formation for 
each production well. 



25 2230. The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the/formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 223 1 . The method of claim 
heat sources to at least a 



2193, further comprising providing heat from three or more 
ortion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2232. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and 

allowing the heat to transfer frond the one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least som/ hydrocarbons within the selected section of the 
formation. 

2234. The method of claim 2232, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2235. The method of claim 2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The method ^f claim 2232, wherein the one or more heat sources comprise 
surface burners. 



2237. The method of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
distributed comtustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section/is less than about 1 °C per day during 
pyrolysis. 



m 
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10 2241. The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Vn of the coal formation from the one or more heat 
sources, wherein the formation has An average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by thp equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bijlk density, and wherein the heating rate is less than about 10 
20 °C/day. 



2242. The method of clym 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 2243. The method of claim 2232, wherein providing heat from the one or more heat 

sources comprises hearting the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2244. The method of claim 2232, further comprising producing a mixture from the 
30 formation, wherein tine produced mixture comprises condensable hydrocarbons having an 
API gravity of at leadt about 25°. 
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2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2246. The method of claim 2232, further comprising producing a mixture from the 

/ 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in^he non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2247. The method of claim 2232, furthe/r comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigh/, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitroge^ 

2248. The method of claim 2232, /further comprising producing a mixture from the 
formation, wherein the produced fixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 %hy weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 
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2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight oyf the condensable hydrocarbons comprises multi- 
ring aromatics with more than two ring 
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2253. The method of claim 2232, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by ^weight of the condensable hydrocarbons are 

15 asphaltenes. 

2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weigh/ to about 30 % by weight of the condensable hydrocarbons 

20 are cycloalkanes. 



2255. The method of clapi 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 

25 greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2256. The method of claim 2232, further comprising producing a mixture from the 



formation, wherein the 
30 about 0.05 % by weig] 



produced mixture comprises ammonia, and wherein greater than 
t of the produced mixture is ammonia. 
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2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. / 

2260. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. / 

2261 . The method of claim 2232, norther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2262. The method of claim 2282, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of claimf 2232, further comprising: 

providing hydrogen/ (H 2 ) to the heated section to hydro genate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2264. The method of claim 2232, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2267. The method of claim 2232( further comprising producing a mixture in a 
production well, wherein at leasy about 7 heat sources are disposed in the formation for 
each production well. / 

2268. The method of claim £232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2269. The method of cpim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in trie formation in a unit of heat sources, wherein the unit of heat 
sources comprises a tmangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method or treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section ir creases substantially uniformly. 



millidarcy. 
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2271. The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



10 
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2273. The method of claim 2270, wl/erein the one or more heat sources comprise 
electrical heaters. 

2274. The method of claim 2270,/wherein the one or more heat sources comprise 
surface burners. 

2275. The method of claim 22/0, wherein the one or more heat sources comprise 
flameless distributed combustors. 



Ill 



20 



2276. The method of claim £270, wherein the one or more heat sources comprise natural 
distributed combustors. 



25 



2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least /a majority of the selected section of the formation, wherein 
the pressure is controlled qs a function of temperature, or the temperature is controlled as 
a function of pressure. 



30 



2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of tlfte selected section is less than about 1 °C per day during 
pyrolysis. 
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2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = /**F*C v *p fi / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 2270/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about £25°. 

2283. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2284. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2285. The method of claim 2270, further |Comprismg producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wpen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2287. The method of claim 2270, further comprising producing a mixture from the 



lixtiri 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. < 



2288. The method of claim 2270,/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, ^nd wherein the oxygen containing compounds comprise 
phenols. 



2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 2(i °A 



compounds. 



formation, wherein the produ 



% by weight of the condensable hydrocarbons are aromatic 



2290. The method of claim 2270, further comprising producing a mixture from the 



ed mixture comprises condensable hydrocarbons, and 
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wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
\ 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
\ wherein less than about 0.3 % by weight of tlie condensable hydrocarbons are 
asphaltenes. 
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2292. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to aboiyt 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2293. The method of claim 2270( further comprising producing a mixture from the 
15 formation, wherein the producecy mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by vopme of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

20 2294. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight or the produced mixture is ammonia. 



2295. The method of dlaim 2270, further comprising producing a mixture from the 
25 formation, wherein the/produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



30 



2296. The method 
least a majority of th|e 
is at least about 2.0 



f claim 2270, further comprising controlling a pressure within at 
selected section of the formation, wherein the controlled pressure 
?ar absolute. 
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2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



5 2298. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the partial pressure of h/ within the mixture is measured when the 
mixture is at a production well. 



2299. The method of claim 2193, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

2300. The method of claim 2193, ftirther comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 

15 from the mixture into the formation. 



20 



2301. The method of claim 22#0, further comprising: 

providing hydrogen (H/) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tile section with heat from hydrogenation. 



25 



2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced Hydrogen. 



30 



2303. The method of daim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



/ 



2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at least atyout 7 heat sources are disposed in the formation 
for each production well. 



2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion ot the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2309. A method of treafting a coal formation in situ, comprising: 

providing heat |rom one or more heat sources to at least a portion of the 
formation; 

allowing the hbat to transfer from the one or more heat sources to a selected 



section of the format 
controlling t 
carbon content of at 



2310. The method 
least two heat sourcles 



f on; and 

e heat to yield at least about 15 % by weight of a total organic 
east some of the coal formation into condensable hydrocarbons. 



of claim 2309, wherein the one or more heat sources comprise at 
, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



23 1 1 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



23 12. The method of claim 2309, wherein the qne or more heat sources comprise 
electrical heaters. 
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10 23 1 3. The method of claim 2309, wherein thp one or more heat sources comprise 
surface burners. 

23 14. The method of claim 2309, whereii/ the one or more heat sources comprise 
flameless distributed combustors. 



15 



23 1 5. The method of claim 2309, wheyein the one or more heat sources comprise natural 
distributed combustors. 



2316. The method of claim 2309, fii/rther comprising controlling a pressure and a 
20 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a funct/on of temperature, or the temperature is controlled as 
a function of pressure. 

23 1 7. The method of claim 2309, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



23 1 8. The method of claim Z309, wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, anc/wherein the heating rate is less than about 10 
°C/day. 

23 19. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, whferein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

232 1 . The method of claim 2309, /further comprising producing a mixture from the 
formation, wherein the produced fixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2322. The method of claim 23G9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight/to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0 15. 
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2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2327. The method of claim 2309,/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30/% by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the pro duced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more lhan two rings. 



wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 
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2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



233 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by vyeight of the condensable hydrocarbons 
Lcycloalkanes. 



111 
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2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by voluyne of the non-condensable component. 

2333. The method of claim 2309, furthfer comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



25 2335. The method of claim 2305V, further comprising controlling a pressure within at 
least a majority of the selected sejbtion of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2336. The method of claim 23©9, further comprising controlling formation conditions to 
30 produce a mixture from the fomation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 
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2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

/ 

/ 

2338. The method of claim 2309, further comprising altering a pressure within the 

/ 

formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2339. The method of claim 2309, furtlW comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2340. The method of claim 2309, further comprising: 
providing hydrogen (H2) to tpe heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

producing hydrogen ana condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least 
portion of the produced hydrogen. 

2342. The method of clairn 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources q£e disposed in the formation 
for each production well. 



2346. The method of claim 2309, further comprisin^providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of hegft sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the fonnat/on, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a coal formation in situ, comprising: 
providing heat from one or more/heat sources to at least a portion of the 

formation; 

allowing the heat to transfer frojhi the one or more heat sources to a selected 
section of the formation; and 

controlling the heat to yield grjbater than about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 



2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2351. The method of claim 2348, wherein the one or more heat sources comprise 
5 electrical heaters. 

2352. The method of claim 2348, wherein the one or /(lore heat sources comprise 
surface burners. 

10 2353. The method of claim 2348, wherein the o/it or more heat sources comprise 
flameless distributed combustors. 

2354. The method of claim 2348, wherein ^he one or more heat sources comprise natural 
distributed combustors. 

15 

2355. The method of claim 2348, furthfer comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



20 



2356. The method of claim 2348; further comprising controlling the heat such that an 
average heating rate of the selec|ed section is less than about 1 °C per day during 
pyrolysis. 



25 2357. The method of claim 2348, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hwirocarbons within the selected volume of the formation; and 
30 wherein heating emergy/day provided to the volume is equal to or less than Pwr 9 

wherein Pwr is calculatec by the equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day , h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

2358. The method of claim 2348, wherein allowing^he heat to transfer comprises 
transferring heat substantially by conduction. 



2359. The method of claim 2348, wherein providing heat from the one or more heat 
10 sources comprises heating the selected sectioA such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 



2360. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



20 



2361 . The method of claim 2348, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to pout 15 % by weight of the condensable hydrocarbons 
are olefins. 



25 



2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethen^f to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.1) 



30 



2363. The method of claimf2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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2364. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2366. The method of claim 2348, furtherycomprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by Weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2367. The method of claim 234& further comprising producing a mixture from the 
formation, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 jo by weight of the condensable hydrocarbons are aromatic 
compounds. 

2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the pronuced mixture comprises condensable hydrocarbons, and 
wherein less than about 5r/o by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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2370. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced fixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected /section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2375. The method of clainy 2348, further comprising controlling formation conditions to 
produce a mixture from the/formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 be 



2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a productior well. 
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2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 




2378. The method of claim 2348, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 



from the mixture into the formation. 



/ 



2379. The method of claim 2348, further/comprising: 

providing hydrogen (H2) to the hpted section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectiorf with heat from hydrogenation. 



2380. The method of claim 2348, /further comprising: 

15 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion yof the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2381 . The method of clainy 2348, wherein allowing the heat to transfer comprises 

20 increasing a permeability a majority of the selected section to greater than about 100 
millidarcy. 



25 



2382. The method of dlaim 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of claim 2348, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



30 2384. The method! 
heat sources to at 



of claim 2348, further comprising providing heat from three or more 
ast a portion of the formation, wherein three or more of the heat 
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are located in the formation in a unit of heat sources, and wherein the unit of heat 
^S€Oirces_eomprises a triangular pattern. 

2385. The method of claim 2348, further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ur/jof heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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2386. A method of treating a coal formation in situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 
the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 

2387. The method of claim 23f86, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claim/2386, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 



2389. The method of claim 2386, wherein heating the first section or heating the second 
25 section comprises heating with a surface burner. 



2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heatimg with a flameless distributed combustor. 



30 2391. The method of dlaim 
section comprises heati ig 



2386, wherein heating the first section or heating the second 
with a natural distributed combustor. 
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2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. / 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: 

heating a selected volume (V) df the coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heatjfag energy/day, h is an average heating rate of the 
formation, p B is formation bull/ density, and wherein the heating rate is less than about 10 
°C/day. 

2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 



2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or secpnd section, respectively, is greater than about 0.5 W/(m °C). 



2397. The method of cljaim 
condensable hydrocarbo is 



2386, wherein the first or second mixture comprises 
having an API gravity of at least about 25°. 
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2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molai/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about^/oOl to about 0.15. 

2400. The method of claim 2386, whereinihe first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



2401 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

2402. The method of claim 2386( wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 26 86, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



2404. The method of claim 2386, wherein the first or second mixture comprises 



condensable hydrocarbon; 
condensable hydrocarbon 



, and wherein greater than about 20 % by weight of the 
5 are aromatic compounds. 
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2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



2406. The method of claim 2386, wherein the first of second mixture comprises 
condensable hydrocarbons, and wherein less than aj/out 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 
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2407. The method of claim 2386, wherein the/first or second mixture comprises 

10 condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

2408. The method of claim 2386, wherein the first or second mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 

15 hydrogen, and wherein the hydrogen itf greater than about 10 % by volume of the non- 
condensable component and whereinihe hydrogen is less than about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386/ wherein the first or second mixture comprises 
20 ammonia, and wherein greater th/m about 0.05 % by weight of the first or second mixture 

is ammonia. 



25 



2410. The method of claim 2886, wherein the first or second mixture comprises 
ammonia, and wherein the arpmonia is used to produce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first pv second section of the formation, wherein the controlled 



pressure is at least about 2. 



) bar absolute. 
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2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H2 within the first or 
second mixture is greater than about 0.5 bar. 



2413. The method of claim 2386, wherein a partial pressure of H2 within the first or 
second mixture is measured when the first or second mixture is at a production well. 

2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2415. The method of claim 2386, furper comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 

2416. The method of claim 2386Vfurther comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the iirst or second section, respectively, with heat from 
hydrogenation. / 

2417. The method of clainy2386, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a pdrtion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2418. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater/than about 100 millidarcy. 
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2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by Fischer Assay, from the first^<4 second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the/fcrmation for each production well. 

2422. The method of claim 2386, fufther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2424. A method of treating a coal formation in situ, comprising: 

providing heat fropi one or more heat sources to at least a portion of the 
formation; 

allowing the heaf to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells, 
wherein the heating is /controlled such that the mixture can be produced from the 
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formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



2425. The method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis /emperature range. 

2427. The method of claim 2424, ^herein the one or more heat sources comprise 
electrical heaters. 

2428. The method of claim 242^, wherein the one or more heat sources comprise 
surface burners. 

2429. The method of claim 2ft24, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2430. The method of clainj 2424, wherein the one or more heat sources comprise natural 
distributed combustors. 



243 1 . The method of claim 
25 temperature within at lea? t 
the pressure is controlled 
a function of pressure. 



2424, further comprising controlling a pressure and a 
a majority of the selected section of the formation, wherein 
as a function of temperature, or the temperature is controlled as 



2432. The method of cliim 2424, further comprising controlling the heat such that an 
30 average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (JO of the coal formation from the one or more heat 
sources, wherein the formation has an average heat f capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to tjae volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/da^, h is an average heating rate of the 
formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
°C/day. 



2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
1 5 transferring heat substantially by conduction. 

2435. The method of claim 2424, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 



2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



25 
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2437. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abjout 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



243 8 . The method of claim 
condensable hydrocarbons, 
condensable hydrocarbons 



2424, wherein the produced mixture comprises non- 
a|nd wherein a molar ratio of ethene to ethane in the non- 
from about 0.001 to about 0.15. 
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I 2439. The method of claim 2424, wherein the produced mixture comprises condensable 
I hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
^-J^asis^of the condensable hydrocarbons is nitrogen. 

5 2440. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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2441 . The method of claim 2424, wherein theyproduced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 Jo by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by Weight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2443 . The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 



25 



2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lfess than about 5 % by weight of the condensable 
hydrocarbons comprises millti-ring aromatics with more than two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 



hydrocarbons, and whereir 



hydrocarbons are asphaltenes 



less than about 0.3 % by weight of the condensable 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2447. The method of claim 2424, wherein tftp produced mixture comprises a non- 
condensable component, wherein the non-oondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2448. The method of claim 2424, ywherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2450. The method of clainy 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2451. The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2452. The method ofl claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the/mixture is at a production well. 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2454. The method of claim 2424, further comprising controlling formation conditions 

~--™~-'- 

2455. The method of claim 2424, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section withf heat from hydrogenation. 
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2456. The method of claim 2424, rurtijer comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of th^f produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2457. The method of claim 2424/ wherein allowing the heat to transfer comprises 
increasing a permeability of a m^ority of the selected section to greater than about 100 
millidarcy. 

2458. The method of claim 2A24, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



246 1 . The method of < : 
heat sources to at least 
sources are located in the 



aim 2424, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2462. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

/ 

formation, wherein the one or more heatysources are disposed within one or more first 
wells; 

allowing the heat to transfer fr^m the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from thfe formation through one or more second wells, 
wherein one or more of the first oy second wells are initially used for a first purpose and 
are then used for one or more other purposes. 



2463. The method of claim 24fe2, wherein the first purpose comprises removing water 
from the formation, and wherpn the second purpose comprises providing heat to the 
formation. 

2464. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpbse comprises removing water from the formation. 

2466. The method of claim 2462, wherein the first purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 



2467. The method o 
electrical heaters. 

2468. The method o 
surface burners. 



claim 2462, wherein the one or more heat sources comprise 



claim 2462, wherein the one or more heat sources comprise 
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2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2470. The method of claim 2462, wherein the one or more heat sources comprise natural 
5 distributed combustors. 



/ 



/. 



10 



2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected sec/ion is less than about 1 .0 ° C per day during 
pyrolysis. 

2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume tV) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tl/e equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the hedting energy/day, h is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2474. The method of claim 
sources comprises heating tie 
a portion of the selected section 



2462, wherein providing heat from the one or more heat 
selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 
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2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fr/>m about 0.001 to about 0.15. 

2478. The method of claim 2462/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/ less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable 



248 1 . The method of cl^m 
hydrocarbons, wherein about 
hydrocarbons comprise ojxygen 
containing compounds comprise 



hydrocarbons, and where 



ydrocarbons is sulfur. 



2462, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
containing compounds, and wherein the oxygen 
phenols. 



2482. The method of clam 2462, wherein the produced mixture comprises condensable 



n greater than about 20 % by weight of the condensable 



hydrocarbons are aromatic compounds. 
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2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 03/% by weight of the condensable 
hydrocarbons are asphaltenes. / 

2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bj weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2486. The method of claim 2462, wierein the produced mixture comprises a non- 
condensable component, wherein tbfe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater th&n about 10 % by volume of the non-condensable 
component, and wherein the hydtfogen is less than about 80 % by volume of the non- 
condensable component. / 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0,05 % by weight of the produced mixture is ammonia. 

2488. The method of claim[2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of claifn 2462, further comprising controlling a pressure within at 
least a majority of the sele :ted section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

2491 . The method of claim 2490, wherein the partial pressure of H 2 is measured when 
.mixture is at a production well. 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2493. The method of claim 2462, further Comprising controlling formation conditions, 
wherein controlling formation conditions/comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

2494. The method of claim 2462, fuifther comprising: 
providing hydrogen (H2) to tl/e heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, me method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of $ majority of the selected section to greater than about 100 
millidarcy. 



2497. The method of claim 2462, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

i 
I 

the formation for each production well. / 



2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/ of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2501. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in A unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to forrry a repetitive pattern of units. 



2502. A method for forming heater wells in a coal formation, comprising: 
forming a first wellbore in the formation; 

forming a second wellbore/in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one healing mechanism within the first wellbore and at least one 



heating mechanism within the se 
provide heat to at least a portion 



:ond wellbore such that the heating mechanisms can 
of the formation. 



2502 



2503 . The method of claim 
heating mechanism within the 
within the second wellbore pyro 
section of the formation. 



, wherein superposition of heat from the at least one 
filrst wellbore and the at least one heating mechanism 
yzes at least some hydrocarbons within a selected 



\ 
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2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
5 \ heaters. 

1506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. 

10 2507. The method of claim 2502, wherein thj£ heating mechanisms comprise flameless 
distributed combustors. 

2508. The method of claim 2502, wherei^ the heating mechanisms comprise natural 
distributed combustors. 



15 



20 



2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

25 10. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day during pyrolysis. 



25 25 1 1 . The method of claim 2502, further comprising: 

heating a selected volumel(F) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarl )ons within the selected volume of the formation; and 
wherein heating energy/d ly provided to the volume is equal to or less than Pwr, 
30 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

25 12. The method of claim 2502, further comprising^allowing the heat to transfer from 
the heating mechanisms to at least the portion of the/formation substantially by 
conduction. / 

2513. The method of claim 2502, further comprising providing heat from the heating 
mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater man about 0.5 W/(m °C). 

2514. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. j 

25 15. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to/about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

25 16. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0/15. 

25 17. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1 
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25 1 8. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



25 19. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2520. The method of claim 2502, further/comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

252 1 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % oy weight of the condensable hydrocarbons are aromatic 
compounds. / 

2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the npn-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2526. The method of claim 2502, farmer comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2527. The method of claim 2502/farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is. used to produce fertilizer. / 

2528. The method of claim 2602, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2529. The method of claim 2528, wherein the partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2530. The method of claim 2502, farther comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 
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253 1 . The method of claim 2502, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions/by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further c/omprising: 
providing hydrogen (H2) to the poj/tion to hydrogenate hydrocarbons within the 

formation; and 

heating a portion of the formatiq/h with heat from hydrogenation. 

2534. The method of claim 2502, fi^fther comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of /he produced condensable hydrocarbons with at least a 

portion of the produced hydrogenJ 

2535. The method of claim 25(X2, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



2536. The method of claim £502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2537. The method of clainfi 
than about 60 % by weight 



2502, further comprising controlling the heat to yield greater 
3f condensable hydrocarbons, as measured by Fischer Assay. 
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2538. The method of claim 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each productiqn well. 

2539. The method of claim 2502, further comprising forming a production well in the 

/ 

formation using magnetic tracking such that the production well is substantially parallel 
to the firstjyellbore and coupling a wellhead t</ the third wellbore. 

2540. The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2541 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of tlfte formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fiprm a repetitive pattern of units. 

2542. A method for installing a heater well into a coal formation, comprising: 
forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating mecnanism within the bore such that the heating mechanism 

can transfer heat to at least a portion of the formation. 

2543. The method of claim/2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within * i selected section of the formation. 

2544. The method of clair i 2542, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

1 
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2545. The method of claim 2542, wherein the heating mechanism comprises an 
electrical heater. 

2546. The method of claim 2542, wherein the heating mechanism comprises a surface 
burner. 

2547. The method of claim 2542, wherein the hewing mechanism comprises a flameless 
distributed combustor. 

2548. The method of claim 2542, wherein th^ heating mechanism comprises a natural 
distributed combustor. 

2549. The method of claim 2542, further/comprising controlling a pressure and a 
temperature within at least a majority of k selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2550. The method of claim 2542, farther comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 



2551. The method of claim 254e, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bfilk density, and wherein the heating rate is less than about 10 
3 C/day. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than aboutAS W/(m °C). 

2554. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2555. The method of claim 2542, further Comprising producing a mixture from the 
formation, wherein the produced mixtureycomprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about/l5 % by weight of the condensable hydrocarbons 
are olefins. / 

2556. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to/ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2557. The method of claim 2342, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2558. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

e hydrocarbons is sulfur. 

2560. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wl/erein the oxygen containing compounds comprise 
phenols. 

2561 . The method of claim 2542/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 °/y by weight of the condensable hydrocarbons are aromatic 
compounds. 

2562. The method of claim Z542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 °/j by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2563. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about jt).3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



2564. The method of dlaim 
formation, wherein the 



2542, further comprising producing a mixture from the 
roduced mixture comprises condensable hydrocarbons, and 
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wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2565. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2566. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced/nixture is ammonia. 

2567. The method of claim 2542, futfher comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

25.68. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected secpon of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2569. The method of claim 2f542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar; 

2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixiure is at a production well. 



2571. The method of cldim 
formation to inhibit produi 
numbers greater than about 



2542, further comprising altering a pressure within the 
ction of hydrocarbons from the formation having carbon 
25. 
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2572. The method of claim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2573. The method of claim 2542, further comprising: 
providing hydrogen (H 2 ) to the at least t)i/ heated portion to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation wjfth heat from hydrogenation. 

2574. The method of claim 2542, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of th*y produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2575. The method of claim 2542/further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such th$t a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2577. The method of claim 
than about 60 % by weight 



2542, further comprising controlling the heat to yield greater 
of condensable hydrocarbons, as measured by Fischer Assay. 



2578. The method of claim 
production well, and where in 
formation for each product 



2542, further comprising producing a mixture in a 
at least about 7 heating mechanisms are disposed in the 
on well. 
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2579. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

ces comprises a triangular pattern. 

2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, ^herein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2581 . A method for installing of wells ink coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 

mechanism can transfer heat to at leas/ a portion of the formation. 

2582. The method of claim 2581, further comprising maintaining a temperature within a 
selected section within a pyrolysis femperature range. 

2583. The method of claim 258/ , wherein the heating mechanism comprises an 
electrical heater. 

2584. The method of claim 2p8 1 , wherein the heating mechanism comprises a surface 
burner. 



2585. The method of claim/ 258 1 , wherein the heating mechanism comprises a flameless 
distributed combustor. 



2586. The method of claiipi 
distributed combustor. 



258 1, wherein the heating mechanism comprises a natural 
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2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



2588. The method of claim 2581, further composing controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 



2589. The method of claim 2581, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating(energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2590. The method of claim 2^81, further comprising allowing the heat to transfer from 
the heating mechanism to at lgast the portion of the formation substantially by 
conduction. 



2591 . The method of claim/258 1 , further comprising providing heat from the heating 



mechanism to at least the p< 



least the portion of the formation is greater than about 0.5 W/(m °C). 



tion of the formation such that a thermal conductivity of at 



\ 
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2592. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

5 2593 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 %/bv weight of the condensable hydrocarbons 

V are olefins. / 



.13 

m 



f 3 

m 



O 



10 2594. The method of claim 2581, further/comprising producing a mixture from the 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethai^e in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

15 2595. The method of claim 2581, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

20 2596. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is Oxygen. 



25 2597. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



30 2598. The method of chjim 

formation, wherein the pijoduced 



2581, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2599. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 



compounds. 



/ 



2600. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2601 . The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 f/o by weight of the condensable hydrocarbons are 
asphaltenes. 

2602. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by \yeight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2603. The method ofl claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-cone ensable component comprises hydrogen, wherein the hydrogen is 
% by volume of the non-condensable component, and wherein the 
about 80 % by volume of the non-condensable component. 



greater than about 10 
hydrogen is less than 
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2604. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2606. The method of claim 2581, further comprising controlling a pressure within at 
least a majority of a selected section of the Iprmation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2607. The method of claim 2581, further comprising controlling formation conditions to 
produce a mixture from the formation, ^herein a partial pressure of H 2 within the mixture 
is greaterjhan about 0.5 bar. 

2608. The method of claim 2607, wherein the partial pressure of H 2 within the mixture 
is.measured when the mixture is at a production well. 

2609. The method of claim 258 y, further comprising altering a pressure within the 
formation to inhibit production cjf hydrocarbons from the formation having carbon 
numbers greater than about 25. 

26 1 0. The method of claim 2p 8 1 , further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



26 1 1 . The method of claim 258 1 , further comprising: 

providing hydrogen (H 2 ) to at least the heated portion to hydrogenate 
hydrocarbons within the fon nation; and 

— ~\— — 



588 



Conley, Rose & Tayon, P C. 



f • 



26 1 2. The method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
5 portion of the produced hydrogen. 



2613. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of/fhe formation to pyrolyze at least some 
hydrocarbons within the selected section /uch that a permeability of a majority of a 

10 selected section of the formation increases to greater than about 100 millidarcy. 

26 1 4. The method of claim 2581, mrther comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected Section such that a permeability of a majority of the 

15 selected section increases substantially uniformly. 

261 5. The method of claim 258 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 2616. The method of claim 2581, further comprising producing a mixture in a 

production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well/ 

261 7. The method of jfclaim 258 1 , further comprising providing heat from three or more 
25 heat sources to at least/a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

261 8. The method oj ■ claim 2581, further comprising providing heat from three or more 
30 heat sources to at leasi a portion of the formation, wherein three or more of the heat 





sources are located in fce formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



/ 



inn in/li 



2619. A method of treating a coal formation in situ, comprising: 

heating a selected section of the formation with a heating element placed within a 
wellbore, wherein at least one end of the healing element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 



2620. The method of claim 2619, further comprising at least two heating elements 
within at least two wellbores, and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least sofne hydrocarbons within a selected section of the 
formation. 



"F 15 
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i 
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2621 . The method of claim 261 91 further comprising maintaining a temperature within 
the selected section within a pyrqiysis temperature range. 

2622. The method of claim 2^1 9, wherein the heating element comprises a pipe-in-pipe 
heater. 

2623 . The method of clain/ 26 1 9, wherein the heating element comprises a flameless 
distributed combustor. 



2624. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable coupledyto a support, and wherein the support is free to move within the 
25 wellbore. 



2625. The method off claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

30 2626. The method of claim 2619, further comprising controlling a pressure and a 

temperature within at least a majority of a heated section of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



4° 



2627. The method of claim 2619, further comprising controlling the heat such that an 
average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 



2628. The method of claim 2619, ^herein heating the section of the formation further 
comprises: 

heating a selected volume (V) of the coal formation from the heating element, 
10 wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energwday provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /he equation: 

Pwr = h*V*C v *p B 

15 wherein Pwr is the Heating energy/day, h is an average heating rate of the 

formation, p B is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 

2629. The method of claim 2619, wherein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 



25 



2630. The method of claim 2619, further comprising heating the selected section of the 
formation such that a tpermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 



2631. The method 
formation, wherein 
API gravity of at 



claim 2619, further comprising producing a mixture from the 
t&e produced mixture comprises condensable hydrocarbons having an 
leait about 25°. 



30 2632. The method 
formation, wherein 



of claim 2619, further comprising producing a mixture from the 
e produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2633. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

..001 to about 0.15. 

2634. The method of claim 261 9/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2635. The method of claim fl6 19, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2636. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2637. The method o 
formation, wherein tne 
about 5 % by weight 
oxygen containing compound: 
phenols. 



claim 2619, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, wherein 
to about 30 % by weight of the condensable hydrocarbons comprise 
s, and wherein the oxygen containing compounds comprise 



30 2638. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein thi produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2639. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weigty of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2640. The method of claim 2619, jfurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by/weight of the condensable hydrocarbons are 
asphaltenes. 

264 1 . The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weiglp to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2642. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condengable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2643. The method oflclaim 261 9, further comprising producing a mixture from the 
formation, wherein thjb produced mixture comprises ammonia, and wherein greater than 



about 0.05 % by wei 



f ;ht of the produced mixture is ammonia. 



2644. The method 
formation, wherein 
is used to produce fehilizer, 



^f claim 2619, further comprising producing a mixture from the 
produced mixture comprises ammonia, and wherein the ammonia 



l tie 
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2645. The method of claim 2619, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

2646. The method of claim 2619, furthe^comprising controlling formation conditions to 
produce a mixture from the formation, vyherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2647. The method of claim 2647, \\faerein the partial pressure of H 2 within the mixture 
is measured when the mixture is at A production well. 

2648. The method of claim 26^9, further comprising altering a pressure within the 
formation to inhibit production/of hydrocarbons from the formation having carbon 
numbers greater than about 2i 

2649. The method of claimf 26 1 9, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of cpim 26 1 9, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the heated section; and 

heating a portion of the section with heat from hydrogenation. 



265 1 . The method 6f claim 26 1 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



594 



Conley, Rose & Tayon, P C. 



2652. The method of claim 2619, wherein heating comprises increasing a permeability 

of a majority of the heated section to greater than about 100 millidarcy. 

/ 

2653. The method of claim 2619, wherei^a heating comprises substantially uniformly 
increasing a permeability of a majority of the heated section. 

2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2655. The method of claim 26 1 9, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2656. The method of claim 26/1 9, further comprising providing heat from three or more 
heat sources to at least a porticp of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2657. The method of claim 2619, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2658. A method of treating a coal formation in situ, comprising: 

providing heat/from one or more heat sources to at least a portion of the 
formation; 

allowing the fteat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through a production well, wherein the 
production well is located such that a majority of the mixture produced from the 
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formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



2660. The method of claim 2658, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2661 . The method of claim 2658, Wnerein the production well is less than 
approximately 6 m from a heat souyce of the one or more heat sources. 

2662. The method of claim 2658, wherein the production well is less than 
approximately 3 m from a heat source of the one or more heat sources. 

2663. The method of claim 2f>58, wherein the production well is less than 
approximately 1.5 m from a l/eat source of the one or more heat sources. 

2664. The method of clair 
a wellbore of the productioi 

2665. The method of claim 2658, wherein the one or more heat sources comprise 
electrical heaters. / 

2666. The method of claim 2658, wherein the one or more heat sources comprise 
surface burners. I 

2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed co nbustors. 



2658, wherein an additional heat source is positioned within 
well. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 



l the pi 
^■ajjinj 



2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
ction of p ressure. 



10 2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected sectyon is less than about 1 °C per day during 
pyrolysis. 



15 



20 



25 



2671. The method of claim 2658, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th^ equation: 

wherein Pwr is the heading energy/day, h is an average heating rate of the 
formation, p B is formation bul£ density, and wherein the heating rate is less than about 10 
°C/day. 

2672. The method of clairW 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2676. The method of claim 265&, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2677. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyarocarbons is nitrogen. 

2678. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2680. The method of cliim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein a ^out 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise c xygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2681. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



)ma 



2683. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thai/ about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2684. The method of claim 265$, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboAt 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are/cycloalkanes. 

2685. The method of claimZ2658, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein tlfe hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than/ about 0.05 % by weight of the produced mixture is ammonia. 



2687. The method of c 
and wherein the ammonia 



2688. The method of c 
least a majority of the s< 



aim 2658, wherein the produced mixture comprises ammonia, 
is used to produce fertilizer. 



aim 2658, further comprising controlling a pressure within at 
lected section of the formation, wherein the controlled pressure 



is at least about 2.0 bar absolute. 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
0.5 bar. 



about ( 



/ 



2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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2691 . The method of claim 2658, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2692. The method of claim 265 8f, further comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, further comprising; 
providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 
producing condensjable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced Hydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 



increasing a permeabili 
millidarcy. 



of a majority of the selected section to greater than about 100 



30 2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability . of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



5 2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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2699. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2700. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2701 . A method of treating a coalf formation in situ, comprising: 

providing heat to at least a/portion of the formation from one or more first heat 
sources placed within a pattern inj the formation; 

allowing the heat to transfer from the one or more first heat sources to a first 
section of the formation; 

heating a second section! of the formation with at least one second heat source, 



wherein the second section is L 



cated within the first section, and wherein at least the one 



second heat source is configured to raise an average temperature of a portion of the 
second section to a higher temperature than an average temperature of the first section; 
and 

producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
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condensable hydrocarbons and a non-condensable component comprising H2 
components. 



2702. The method of claim 2701, wherein the one or more first heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first section of the formation. 



2703. The method of claim 2701 , further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 2701 , wherein at least the one heat source comprises a 
heater element positioned within the production well. 

2705. The method of claim 2701, wherein at least the one second heat source comprises 
an electrical heater. / 

2706. The method of claim 2701, wherein at least the one second heat source comprises 
a surface burner. / 

2707. The method of claim 2701, wherein at least the one second heat source comprises 
a flameless distributed combustor. 

2708. The method of claim/2701, wherein at least the one second heat source comprises 
a natural distributed combustor. 

2709. The method of clairh 2701, further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is cor trolled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2710. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °C per day during pyrolysis. 

271 1. The method of claim 2701, wherein providing heat to the formation further 
comprises: J 

heating a selected volume (V) of the from the one or more first heat sources, 
wherein the formation has an average heat capacity (C(), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to th/ volume is equal to or less than Pwr, 
10 wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/daV, A is an average heating rate of the 
formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
°C/day. 

15 

2712. The method of claim 2701, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 2701, wherein providing heat from the one or more first heat 
20 sources comprises heating the first section such that a thermal conductivity of at least a 

portion of the first section is greater than about 0.5 W/(m °C). 



25 



2714. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2715. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein apout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 27 1 6. The method of clain 
condensable hydrocarbons 



2701, wherein a molar ratio of ethene to ethane in the non- 
ijanges from about 0.001 to about 0.15. 
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2717. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is oxygen. 



m 



10 2719. The method of claim 270 1 ? wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



00 
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2720. The method of claim 2701, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2721 . The method of clairry 2701, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 

hydrocarbons are aromaticf compounds. 



25 
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2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2723. The method of 
hydrocarbons, and whe 
hydrocarbons are asphaltenes 



;laim 2701, wherein the produced mixture comprises condensable 
rein less than about 0.3 % by weight of the condensable 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



hi 
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2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 ^c/by volume of the non-condensable 
component, and wherein the hydrogen is lessjman about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 



n 
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2121. The method of claim 2701, wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used to produce fertilizer. 

2728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



20 



2729. The method of claim 2701, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



273 1 . The method of c 
formation to inhibit 
numbers greater, than 



aim 2701, further comprising altering a pressure within the 
production of hydrocarbons from the formation having carbon 
about 25. 
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2732. The method of claim 2701, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 2701 , further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second sectipn, respectively; and 

heating a portion of the first or seco section, respectively, with heat from 
ydrogen ation. / 

2734. The method of claim 270 1 , fiirtner comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of tne produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. / 

2735. The method of claim 2701, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the first or second section to greater than about 
.100 millidarcy. / 

2736. The method of claim 270 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 
section. / 

2737. The method ofrclaim 2701 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by Fischen Assay. 

2738. The method of claim 2701 , wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2739. The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2740. The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2741. A method of treating a coal formation in situ, comprising: 
providing heat into the formatio/n from a plurality of heat sources placed in a 

pattern within the formation, wherein p. spacing between heat sources is greater than 
about 6 m; 

allowing the heat to transfer/from the plurality of heat sources to a selected 
section of the formation; 

producing a mixture fromAhe formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production weWs is greater than about 12 m. 

2742. The method of claim 2741, wherein superposition of heat from the plurality of 
heat sources pyrolyzes at leasf some hydrocarbons within the selected section of the 
formation. 

2743 . The method of claim 274 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2744. The method of claim 274 1 , wherein the plurality of heat sources comprises 
electrical heaters. 

2745. The method of claim 2741, wherein the plurality of heat sources comprises 
surface burners. 
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2746. The method of claim 2741, wherein the plurality of heat sources comprises 
flameless distributed combustors. 



2747. The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. 



2748. The method of claim 2741, further.comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2749. The method of claim 2741, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2750. The method of claim 2741, wherein providing heat from the plurality of heat 
comprises: / 

heating a selected vopme (V) of the coal formation from the plurality of heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating enprgy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculates by the equation: 

Pwr = h*V*C v *pl 

wherein Pwr is tMe heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

275 1 . The method of c laim 2741, wherein allowing the heat to transfer comprises 
transferring heat substa itially by conduction. 
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2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a portion of the selected section is 
greater than about 0.5 W/(m °C). 

2753 . The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2754. The method of claim 2741, wh^ein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 f/o by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2755. The method of claim 274 U wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2756. The method of claim S741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method ofpaim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, where n about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compri se oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



2761. The method of claim 2741, wherein the/ produced mixture comprises condensable 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 

/ 

hydrocarbons comprises multi-ring aromatic^ with more than two rings. 
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10 2762. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abqort 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2763. The method of claim 2741, v/herein the produced mixture comprises condensable 
15 hydrocarbons, and wherein about 5l% by weight to about 30 % by weight of the 

condensable hydrocarbons are cycfloalkanes. 

2764. The method of claim 2741, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

20 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the jftydrogen is less than about 80 % by volume of the non- 
condensable component. 



2765. The method of claim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2766. The method of cla im 2741, wherein the produced mixture comprises ammonia, 



and wherein the ammonia 



is used to produce fertilizer. 
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2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2768. The method of claim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2770. The method of claim 274 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2771 . The method of claim 274 1, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2772. The method of claim 274 1 , further comprising: 
providing hydrogen (H 2 ) to the selected section to hydrogenate hydrocarbons 

within the selected section; and 

heating a portion of ihe selected section with heat from hydrogenation. 



2773. The method of claim 274 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a p Drtion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2774. The method of cldim 
increasing a permeability 
millidarcy. 



im 2741, wherein allowing the heat to transfer comprises 
of a majority of the selected section to greater than about 100 
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2775. The method of claim 2741 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



2776. The method of claim 2741 , further comprising controlling the heat to yield greater 



i^ir 



than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2777. The method of claim 2741, wherein aj/least about 7 heat sources are disposed in 
the formation for each production well. 

2778. The method of claim 2741 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in /a unit- of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

2779. The method of claim 274 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2780. A system configured tof heat a coal formation, comprising: 

a heater disposed in anf opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 



oxidizing fluid from the oxi 
use, and wherein the oxidiz 
the reaction zone during use 
wherein the system 



izing fluid source to a reaction zone in the formation during 
ng fluid is selected to oxidize at least some hydrocarbons at 
such that heat is generated at the reaction zone; and 
is configured to allow heat to transfer substantially by 



conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2781. The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to providetiie oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid suchAhat the conduit is not substantially heated by oxidation. 

2785. The system of clairp 2780, wherein the conduit is further configured to remove an 
oxidation product. 

2786. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product such fhat the oxidation product transfers substantial heat to the 
oxidizing fluid. 

2787. The system of/claim 2780, wherein the conduit is further configured to remove an 
oxidation product, anil wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal /to a flow rate of the oxidation product in the conduit. 



2788. The system <pf claim 2780, wherein the conduit is further configured to remove an 
oxidation product, end wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is/configured to provide the oxidizing fluid into 
the opening during use, and wherein thy conduit is further configured to remove an 
oxidation product during use. 

2792. The system of claim 2780, wherein the portion of the formation extends radially 
from the opening a width of less tttan approximately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherdin the insulated conductor is configured to heat at least a 
portion of the formation ^luring application of an electrical current to the insulated 
conductor. 



2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 
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2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

/ 

/ 

/ 

2797. The system of claim 2780, furthe^/omprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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2798. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2799. The systenrof claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2801. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between thq opening and the overburden casing during use. 



2802. The system of cl 
30 the opening, wherein the 



am 



2780, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed m an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; / 

a conduit configurable to be disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reactioiyzone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2805. The system of claim 280ft, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such tmat the oxidizing fluid is transported through the reaction 
zone substantially by diffusion^ 

2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable ko provide the oxidizing fluid into the opening. 

2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flo v orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



{5 2809. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product. 
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2810. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

2811. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow ratei>f the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and whereiiythe oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2814. The system of claim 28(94, wherein the oxidizing fluid is substantially inhibited 
25 from flowing into portions of me formation beyond the reaction zone. 



30 



2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 
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2816. The system of claim 2804, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2817. The system of claim 2804, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 



28 1 8. The system of claim 2804, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 

2819. The system of claim 2804, fiorther comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of they formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein th^r heated oxidizing fluid is configurable to heat at least 
a portion of the formation during u$e. 

2821. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overpurden casing is disposed in an overburden of the 



formation, and wherein the o\ 



erburden casing comprises steel. 
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2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim 281)4, further comprising an overburden casing coupled to 
the opening, wherein the ovepurden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



25 
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2828. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 



of hydrocarbons wit 
providing the 
allowing the c 



the portion of the formation with an oxidizing fluid; 
oxidizing fluid to a reaction zone in the formation; 
xidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to g enerate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone inlthe formation. 
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2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

2830. The method of claim 2828, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a coi)duit disposed in the opening such that a rate of 
oxidation is controlled. 

2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising copling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

2834. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

2835. The method of clkim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transfer] ing heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 



2836. The method of c 



aim 2828, wherein a conduit is disposed within the opening, the 



method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination/of the oxidation product by the oxidizing 
fluid. 



10 2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibitingyfhe oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

15 2839. The method of claim 2828, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



20 



2840. The method of claim 2828, . wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation produot through the outer conduit. 



25 



2841 . The method of claim/2828, wherein the portion of the formation extends radially 
from the opening a width or less than approximately 0.2 m. 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conquctor disposed in a conduit, wherein the conduit is disposed 
within the opening. 



30 2843. The method 

electrical current to an ins 



of clatim 2828, wherein heating the portion comprises applying 
insulated conductor disposed within the opening. 
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2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 



2845. The method of claim 2828, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

2846. The method of claim 2828, further comprising removing water from the formation 
prior to heating the portion. 

2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production/of oxides of nitrogen during oxidation. 

2848. The method of claim 2828, further Comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2849. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2850. The method of claim 2828, former comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2851. The method of claim 2828, fuijther 
the opening, wherein a packing material 
casing and the opening. 



comprising coupling an overburden casing to 
is disposed at a junction of the overburden 
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2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

2853. A system configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the (Conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated/at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and 

wherein the system is configured to allo\k heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2853, wherein thef oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



2856. The system of claim 2853, wherei 



and wherein the critical flow orifices are 
fluid such that a rate of oxidation in the 



;onfigured to control a flow of the oxidizing 
)rmation is controlled. 



2857. The system of claim 2853, wherein 
with the oxidizing fluid such that the conduit 



the conduit comprises critical flow orifices, 



the conduit is further configured to be cooled 
is not substantially heated by oxidation. 
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2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 
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2860. The system of claim 2853, wherein a pressure of me oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing /fluid. 

2861 . The system of claim 2853, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2862. The system of claim 2853, wherein the oxidising fluid is substantially inhibited 
15 from flowing into portions of the formation beyoncy the reaction zone. 
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2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2865. The system of claim 2853, further comprising a conductor disposed in a second 
25 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
30 within the opening, wherein the insulated conductor is configured to heat at least a 
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portion of the formation during application of an electrical current to the insulated 
conductor. 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one/elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. / 

2868. The system of claim 2853, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidipng fluid is configured to heat at least a 
portion of the formation during use. 

2869. The system of claim 2853, further cor 
the opening, wherein the overburden casing i: 
formation. / 

2870. The system of claim 2853, further domprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2871 . The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 

2872. The system of claim 2853, fui 
the opening, wherein a packing matei 
casing and the opening. 



Drising an overburden casing coupled to 
r disposed in an overburden of the 



ler comprising an overburden casing coupled to 
il is disposed at a junction of the overburden 
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2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2875. The system of claim 2853, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2876. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed ill an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during usej wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the/ formation during use; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone during use. 



2877. The system of claim 2876, whetein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the pxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2878. The system of claim 2876, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2880. The system of claim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the condui/ is not substantially heated by 
oxidation. 

288 1 . The system of claim 2876, wherein the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate/of the oxidation product in the conduit. 

2883. The system of claim 2876, whereina pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product bv the oxidizing fluid. 

2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2885. The system of claim 2876, whetfein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2886. The system of claim 2876, further 
the conduit, wherein center conduit is 
opening during use. 



comprising a center conduit disposed within 
configurable to provide the oxidizing fluid into the 
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2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion <ff the formation during application of 
an electrical current to the conductor. 
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2889. The system of claim 2876, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of ar/ electrical current to the insulated 
conductor. 

2890. The system of claim 2876, further conprising at least one elongated member 
15 disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2891 . The system of claim 2876, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heatep oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



25 
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2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2893. The system of claim 2876, forth 
the opening, wherein the overburden cajsing 
formation, and wherein the overburden 



r comprising an overburden casing coupled to 

is disposed in an overburden of the 
casing comprises steel. 
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2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2898. The system of claim 2876, wtterein the system is further configurable such that 
transferred heat can pyrolyze at least/ some hydrocarbons in the pyrolysis zone. 



2899. An in situ method for heating a coal formation, comprising: 
heating a portion of the formation jo a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 
providing the oxidizing fli id to a reaction zone in the formation; 

to react with at least a portion of the hydrocarbons at 
in the reaction zone; 

of an oxidation product through the opening; and 



allowing the oxidizing ga^ 
the reaction zone.to generate heat 
removing at least a portior 



\ 
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transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. j 

2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a/conduit disposed in the opening. 

2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 

2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantially heated by ©xidation. 

2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 



2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 



method further comprising tran: 
conduit to the oxidizing fluid ir 



ferring substantial heat from the oxidation product in the 
the conduit. 
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2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 
rate of the oxidation product in the conduit. 

2908. The method of claim 2899, wherein a conduit disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. / 

2909. The method of claim 2899, wherein a/conduit is disposed within the opening, and 
wherein removing at least the portion of the/oxidation product through the opening 
comprises removing at least the portion of me oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 

2910. The method of claim 2899, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

291 1. The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing/fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 

2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 



2914. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed viithin the opening. 

2915. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

291 7. The method of claim 2899, further comprising removing water from the formation 
prior to heating the portion. 

291 8. The method of claim 2899, further comprising controlling the temperature of the 
formation to substantially inhibit production/of oxides of nitrogen during oxidation. 

291 9. The method of claim 2899, further aomprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2920. The method of claim 2899, furth 
the opening, wherein the overburden cas 
formation, and wherein the overburden 



comprising coupling an overburden casing to 
ng is disposed in an overburden of the 
dasing comprises steel. 
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2921 . The method of claim 2899 ? further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2922. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein a packing material is dispose*/ at a junction of the overburden 
casing and the opening. 



2923. The method of claim 2899, wherein the pyrolysis zone is substantially adjacent to 
the reaction. 

2924. A system configured to heat a coal formation, comprising: 
an electric heater disposed in an openiAg in the formation, wherein the electric 

heater is configured to provide heat to at leas): a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed in the opening, Wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heaft is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a jwrolysis zone of the formation during use. 

2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the jbxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926. The system of claim 2924, wnerein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not^ substantially heated by oxidation. 

2929. The system of claim 2924, wherein the coiiduit is further configured to remove an 
oxidation product. / 

2930. The system of claim 2924, wherein the /conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein tne conduit is further configured to remove an 
oxidation product, and wherein a flow rate ©f the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the donduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fliiid. 

2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation peyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
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the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

2936. The system of claim 2924, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed/ in an overburden of the 
formation. 

2938. The system of claim 2924, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is mirther disposed in cement. 

2940. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is pisposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
s\ transferred heat can pyrolyze at least some hydrocarbons in the pyro lysis zone. 



j«f> 
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2944. A system configurable to heat a coal formation, comprising: 

an electric heater configurable to be disposed in an opening in the formation, 
wherein the electric heater is further configurable to provide heat to at least a portion of 
10 the formation during use, and wherein at least tj/le portion is located substantially adjacent 
to the opening; 

a conduit configurable to be disposed/in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, And wherein the system is configurable to 
15 allow the oxidizing fluid to oxidize at leapt some hydrocarbons at the reaction zone 
during use such that heat is generated at/the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone /o a pyrolysis zone of the formation during use. 

20 2945. The system of claim 2944, Wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that tj|ie oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



25 



2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



30 



2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow ©rifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 

2949. The system of claim 2944, wherein the conduct is further configurable to remove 
an oxidation product. 



2950. The system of claim 2944, wherein the cojduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



2951. The system of claim 2944, wherein the /conduit is further configurable to remove 
an oxidation product, and wherein a flow rat^of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2953. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2955. The system of claim 29441 further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2961 . The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburderJ casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, {further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



10 
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2964. A system configured to heat a coal formation, comprising: 

a conductor disposed in a first conduit, wherein the first conduit is disposed in an 
opening in the formation, and wherein the conductor/ is configured to provide heat to at 
least a portion of the formation during use; 

an oxidizing fluid source; 

a second conduit disposed in the opening, Avherein the second conduit is 
configured to provide an oxidizing fluid from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein trie oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone <|uring use such that heat is generated at the 
reaction zone; and 

wherein the system is configured to Allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



20 



2965. The system of claim 2964, whereim the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 



2967. The system of claim 2964, wnerein the second conduit comprises critical flow 
25 orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 



30 



2968. The system of claim 2964 
cooled with the oxidizing fluid to relduce 



herein the second conduit is further configured to be 
heating of the second conduit by oxidation. 
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2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
5 remove an oxidation product such that the oxidation product transfers heat to the 

oxidizing fluid. / 



2971 . The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 

10 is approximately equal to a flow rate of the oxidation product in the second conduit. 

2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation producft in the second conduit are controlled to 

15 reduce contamination of the oxidation produdt by the oxidizing fluid. 

2973. The system of claim 2964, wherein tiie second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

20 / 

2974. The system of claim 2964, wherep the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2975. The system of claim 2964, further comprising a center conduit disposed within 
25 the second conduit, wherein the center conduit is configured to provide the oxidizing 

fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 

2976. The system of claim 2964, wherein the portion of the formation extends radially 
30 from the opening a width of less than ipproximately 0.2 m. 
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2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing compriies steel. 



2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

298 1 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casirig is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2984. A system configurable to heat a coal formation, comprising: 



641 



Conley, Rose & Tayon, P C. 




a conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a portion of the formation 
during use; / 



a second conduit configurable to be disposed in the opening, wherein the second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, aiid wherein the system is 
configurable to allow the oxidizing fluid to oxidize at Aeast some hydrocarbons at the 
reaction zone during use such that heat is generated aft the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2985. The system of claim 2984, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2986. The system of claim 2984, wherein tne second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

2987. The system of claim 2984, whereiiy the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

2988. The system of claim 2984, wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. J 
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2990. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. 

i 

2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2992. The system of claim 2984, wherein the second cpnduit is further configurable to 
remove an oxidation product, and wherein a pressure oil the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the/oxidizing fluid. 

2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. 

2996. The system of claim 2984, wherein th£ portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2997. The system of claim 2984, further co 
30 the opening, wherein the overburden casing 
formation. 



uprising an overburden casing coupled to 
is disposed in an overburden of the 
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2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2999. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3000. The system of claim 2984, further comprising art overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3001. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3003. The system of claim 2984, wherein 
transferred heat can pyrolyze at least some! 

3004. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 



le system is further configurable such that 
wdrocarbons in the pyrolysis zone. 
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to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially fey conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3006. The method of claim 3004, further Comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. / 

3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. / 

3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3009. The method of claim i004, wherein a second conduit is disposed in the opening, 
the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 

3010. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method furtfa r comprising removing an oxidation product from the 
formation through the secc nd conduit. 
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3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. 



3012. The method of claim 3004, wherein A second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow rate of the oxidation product in the 
second conduit. / 

3013. The method of claim 3004, wnerein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product inAhe second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 

3014. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 

3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing th s oxidizing fluid into the opening through the center conduit and 
removing an oxidation p roduct through the outer conduit. 
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3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3018. The method of claim 3004, further comprising removing water from the formation 
prior to heating the portion. 

3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

302 1 . The method of claim 3004, yriirther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overourden casing is disposed in an overburden of the 
formation, and wherein the oiverburden casing is further disposed in cement. 

3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3024. A system configured to heat a coal formation, comprising: 

an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 

during use; / 

an oxidizing fluid source; 
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a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis,zone of the formation during use. 



10 



3025. The system of claim 3024, wherein the/oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3026. The system of claim 3024, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide thgr oxidizing fluid into the opening. 

15 3027. The system of claim 3024, whefrein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices iare configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3028. The system of claim 3024, wherein the conduit is configured to be cooled with the 
20 oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3029. The system of claim 302ji, wherein the conduit is further configured to remove an 
oxidation product. 



25 
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3030. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial h'eat to the oxidizing fluid. 



303 1 . The system of claim 
oxidation product, and where 
approximately equal to a flow 



3024 



, wherein the conduit is further configured to remove an 
n a flow rate of the oxidizing fluid in the conduit is 
rate of the oxidation product in the conduit. 
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3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
5 of the oxidation product by the oxidizing fluid. 



3033. The system of claim 3024, wherein th^ conduit is further configured to remove an 
oxidation product, and wherein the oxidationyproduct is substantially inhibited from 
flowing into portions of the formation beyorfd the reaction zone. 

10 / 

3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3035. The system of claim 3024, furmer comprising a center conduit disposed within 
15 the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 

the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. / 

3036. The system of claim 302% wherein the portion of the formation extends radially 
20 from the opening a width of less/than approximately 0.2 m. 

3037. The system of claim 30,24, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

25 / 

3038. The system of claim B024, further comprising an overburden casing coupled to 
the opening, wherein the o\prburden casing is disposed in an overburden of the 
formation, and wherein the [overburden casing comprises steel. 
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3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 



3041 . The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing/material is configured to substantially inhibit a 
flow of fluid between the opening and tfafe overburden casing during use. 

3042. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/packing material comprises cement. 

3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyze/at least some hydrocarbons in the pyrolysis zone. 

3044. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such thai heat is generated at the reaction zone; and 
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wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing flui^ is transported through the reaction 
zone substantially by diffusion. / 

3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein tme conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3048. The system of claim 3044, whe/ein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. / 

3049. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product. / 

3050. The system of claim 304ft, wherein the conduit is further configurable to remove 
an oxidation product, such that Ahe oxidation product transfers heat to the oxidizing fluid. 

3051. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flo^ rate of the oxidation product in the conduit. 

3052. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wnerein a pressure of the oxidizing fluid in the conduit and a 
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pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reiction zone. 



3054. The system of claim 3044, wherein the oxickzing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3055. The system of claim 3044, further composing a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. / 

3056. The system of claim 3044, whereirythe portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



652 



Conley, Rose & Tayon, P C. 



3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packingymaterial is configurable to substantially inhibit 
a flow of fluid between the opening andythe overburden casing during use. 

3062. The system of claim 3044, funher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyza at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within tne portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the Oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring ithe generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone /in the formation. 



3065. The method 
through the reacticn 



of claim 3064, further comprising transporting the oxidizing fluid 
zone by diffusion. 
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3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit cjisposed in the opening such that a rate of 
oxidation is controlled. 



3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064/ wherein a conduit is disposed in the opening, the 
method further comprising coolipg the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3070. The method of claim #064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

3071. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3072. The method or claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



654 



Conley, Rose & Tayon, P.C. 



• 



• 



3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of/the oxidation product by the oxidizing 
fluid. 



3074. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The method of claim 306% wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3077. The method of claim/3064, wherein the portion of the formation extends radially 
from the opening a width otless than approximately 0.2 m. 

3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. 



3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3080. The method o 
the opening, wherein 
formation. 



claim 3064, further comprising coupling an overburden casing to 
the overburden casing is disposed in an overburden of the 
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308 1 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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10 3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material indisposed at a junction of the overburden 
casing and the opening. 

3084. The method of claim 3064, wherein the pyrolysis zone is substantially adjacent to 
15 the reaction zone. 

3085. An in situ method for heat/ng a coal formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
20 portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 
providing the oxidizing fluid to a reaction zone in the formation; 
25 allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 

the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



30 3086. The method o 
through the reaction 



claim 3085, further comprising transporting the oxidizing fluid 
z(one by diffusion. 
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3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

3088. The method of claim 3085, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such ' 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
oxidizing fluid to reduce heating of the conduit by oxidation. 

3090. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit. 

3091. The method of claim 3083, further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

3092. The method of claim S085, further comprising removing an oxidation product 
from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluid. 



3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 
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3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3096. The method of claim 3085, wherein a center conduit is disposed within the 
5 conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing/an oxidation product through the conduit. 



3097. The method of claim 3085, wnerein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 308^, further comprising removing water from the formation 
prior to heating the portion. 



3099. The method of claimy3085, further comprising controlling the temperature of the 
15 formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3 1 00. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein th^f overburden casing is disposed in an overburden of the 
formation. 

20 

3101. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

25 3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wperein the overburden casing is further disposed in cement. 

3 103. The metHod of claim 3085, further comprising coupling an overburden casing to 
30 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

658 Conley, Rose & Tayon, P C. 



3 104. The method of claim 3085, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3 105. A system configured to heat a coal formation, comprising: 

at least one elongated member disp6sed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; / 

an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizingyrluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use sucm that heat is generated at the reaction zone; and 

wherein the system isyconfigured to allow heat to transfer substantially by 
conduction from the reactioiyzone to a pyrolysis zone of the formation during use. 

3 106. The system of claim 3 105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 1 07. The system of claim 3 1 05, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 108. The system of dlaim 3 105, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate ofl oxidation in the formation is controlled. 

3 1 09. The system of ckim 3 1 05, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3110. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3105, wherein the conduit is further configured to remove an 
^oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate/of the oxidation product in the conduit. 

3113. The system of claim 3 10o, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3114. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3115. The system ofvclaim 3105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3116. The system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

3117. The system of claim 3105, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3118. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3119. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing ^/disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3 120. The system of claim 3 1 05, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburcjen casing is further disposed in cement. 

3121. The system of claim 3 1 05£ further comprising an overburden casing coupled to 
the opening, wherein a packing ytnaterial is disposed at a junction of the overburden 

1 5 casing and the opening. 

3 122. The system of claim p 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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3 123. The system of dlaim 3 105, further comprising an overburden casing coupled to 
the opening, wherein we overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and /wherein the packing material comprises cement. 



3124. The system 
transferred heat can 



of claim 3105, wherein the system is further configured such that 
pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3 125. A system co ifigurable to heat a coal formation, comprising: 
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at least one elongated member configurable to be disposed in an opening in the 
formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
5 further configurable to provide an oxidizing fluid from the oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least iome hydrocarbons at the reaction zone 
during use such that heat is generated at tMe reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
10 by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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3 126. The system of claim 3 125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such thaythe oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 127. The system of claim 3 If25, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3128. The system of claim 3125, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



25 



3 129. The system of cVaim 3 125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3130. The system o 
an oxidation product, 

30 3131. The system o 
an oxidation product 



claim 3 125, wherein the conduit is further configurable to remove 



claim 3 125, wherein the conduit is further configurable to remove 
such that the oxidation product transfers heat to the oxidizing fluid. 



\ 
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3 132. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3133. The system of claim 3 125, wherein the' conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3134. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3135. The system of claim 3 12S, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3136. The system of claim 3125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wtyerein the conduit is further configurable to remove an 
oxidation product during 



ise. 



3137. The system of claim 3 125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3138. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein fhe overburden casing is disposed in an overburden of the 
formation. 
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3139. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 140. The system of claim 3 1 25, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 

ation, and wherein the overburden casing is further,disposed in cement. 

3 141. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein a packing material is dispose/! at a junction of the overburden 
casing and the opening. 

3 142. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening ana the overburden casing during use. 

3 143. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 144. The system of claim 3 1/25, wherein the system is further configurable such that 
transferred heat can pyrolyze/at least some hydrocarbons in the pyrolysis zone. 



3 145. An in situ method for heating a coal formation, comprising: 

heating a portion ol the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zor^e; and 

transferring the generated heat substantially By conduction from the reaction zone 
to a pyro lysis zone in the formation. / 



3 146. The method of claim 3 145, further composing transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 
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3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening through offices of a conduit disposed in the opening. 

15 3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3 149. The method of claim 3 145, /further comprising increasing a flow of the oxidizing 
20 fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



25 
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3 150. The method of claim 3 V45, wherein a conduit is disposed in the opening, the 
method further comprising coaling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



3151. The method of claim 
method further comprising 
the conduit. 



3 145, wherein a conduit is disposed within the opening, the 
Removing an oxidation product from the formation through 
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3 152. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3 1 53. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 

a flow rate of the oxidation product in me conduit. 
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3 154. The method of claim 3 145, whereinA conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 

15 fluid. * 

3155. The method of claim 3 145/wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhabiting the oxidation product from flowing into portions 

20 of the formation beyond the reaction zone. 



3 1 56. The method of claim/? 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



25 3157. The method of claim 3145, wherein a center conduit is disposed within an outer 
conduit, and wherein thefouter conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



30 3158. The method of dlaim 
from the opening a width 



3145, wherein the portion of the formation extends radially 
of less than approximately 0.2 m. 
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3 159. The method of claim 3 145, further comprising removing water from the formation 
prior to heating the portion. 

5 3 1 60. The method of claim 3 1 45, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3161. The method of claim 3145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing isyuisposed in an overburden of the 

10 formation. 

3 1 62. The method of claim 3 145, fiirthe/ comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdejt casing comprises steel. 

15 

3 163. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

20 3 1 64. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 165. The method of claim/3 145, wherein the pyrolysis zone is substantially adjacent to 
25 the reaction zone. 



30 



3 1 66. A system configure 

a heat exchanger disposed 

is configured to heat an oxfrdizin; 
a conduit disposed 

the heated oxidizing fluid trom 



to heat a coal formation, comprising: 

external to the formation, wherein the heat exchanger 
ing fluid during use; 
the opening, wherein the conduit is configured to provide 
the heat exchanger to at least a portion of the formation 
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during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 

formation during use such that heat is generated at the reaction zone; and 

/ 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 167. The system of claim 3 166, wherein me oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3 1 68. The system of claim 3 166, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 169. The system of claim 3 1667wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidatioA in the formation is controlled. 

3 170. The system of claim 3 166, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3171. The system of claim j 1 66, wherein the conduit is further configured to remove an 
oxidation product. 



3 1 72. The system of claim 
oxidation product, such tha 



3 1 73. The system of claim 
oxidation product, and whqrein 
approximately, equal to a flbw 



3 166, wherein the conduit is further configured to remove an 
the oxidation product transfers heat to the oxidizing fluid. 



3166, wherein the conduit is further configured to remove an 
a flow rate of the oxidizing fluid in the conduit is 
rate of the oxidation product in the conduit. 
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3174. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3175. The system of claim 3 166, wherein the conduit is further configured to remove an 

oxidation product, and wherein the oxidation product is substantially inhibited from 

flowing into portions of the formation beyond/the reaction zone. 
s I 

3176. The system of claim 3166, whereinythe oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 77. The system of claim 3 1 66, furtMer comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and whereiiythe conduit is further configured to remove an 
oxidation product during use. / 

3 1 78. The system of claim 3 1 66/ wherein the portion of the formation extends radially 
from the opening a width of lessfthan approximately 0.2 m. 

3 179. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3180. The system of claim 
the opening, wherein the ov< 
formation, and wherein the < 

3181. The system of claim |3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



1166, further comprising an overburden casing coupled to 
frburden casing is disposed in an overburden of the 
iverburden casing comprises steel. 
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3 1 82. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

1 83. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3 1 84. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3 1 85. A system configurable/to heat a coal formation, comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is furthen configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the peated oxidizing fluid to at least the portion of the formation 
during use, and whereWthe system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated af the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from thp reaction zone to a pyrolysis zone of the formation during use. 
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3 1 86. The system of claim 3185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

.e system of claim 3 1 85, wherein the/conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3188. The system of claim 3185, wherein/the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 1 89. The system of claim 3 1 85, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid suchihat the conduit is not substantially heated by 
oxidation. / 

3 1 90. The system of claim 3185/ wherein the conduit is further configurable to remove 
an oxidation product. / 

3191. The system of claim 3 185, wherein the conduit is further configurable to remove 
an oxidation product such thaythe oxidation product transfers heat to the oxidizing fluid. 

3 1 92. The system of claim M 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flaw rate of the oxidation product in the conduit. 

3 1 93 . The system of claitfn 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by 1he oxidizing fluid. 
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3 1 94. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3 195. The system of claim 3 1 85, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 96. The system of claim 3185, further Comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the second conduit is further configurable to remove an 
oxidation product during use. / 

3 1 97. The system of claim 3185, wherein the portion of the formation extends radially 
from the opening a width of less man approximately 0.2 m. 

3 198. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overbpden casing is disposed in an overburden of the 
formation. 

3 1 99. The system of claim 
the opening, wherein the ov< 
formation, and wherein the i 

3200. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

320 1 . The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



> 1 85, further comprising an overburden casing coupled to 
^rburden casing is disposed in an overburden of the 
overburden casing comprises steel. 
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3202. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3203. The system of claim 3185, further comprisins^an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

NDC (HEAT EXCHANGER PREHEATING METHOD) 

3204. An in situ method for heating a coal/formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of th& formation with an oxidizing fluid, wherein 
heating comprises: / 

heating the oxidizing fluid witn a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; / 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 
formation; and / 

allowing heat to transfer from the heated oxidizing fluid to the portion of the 
formation; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fpid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generatjed heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3205. The method of claim ^204, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



/ 
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3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase m a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3209. The method of claim 3204, wherein a/ conduit is disposed in the opening, the 
method further comprising cooling the coneluit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3210. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing £n oxidation product from the formation through 
the conduit. 

321 1 . The method of claim 3204 ./wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat/from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3212. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



3213. The method of clain 
method further comprising 



3204, wherein a conduit is disposed within the opening, the 
removing an oxidation product from the formation through 
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the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation/product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. / 

3215. The method of claim 3204, further Comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3216. The method of claim 3204, wnerein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of Less than approximately 0.2 m. 

321 8. The method of claim 3204, further comprising removing water from the formation 
prior to heating the portion. 

3219. The method of claim 3204, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3220. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein tl e overburden casing is disposed in an overburden of the 
formation. 
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3221. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



5 3222. The method of claim 3204, further comprising coupling an overburden casing to 

/ 

the opening, wherein the overburden casing is dispo^6d in an overburden of the 
_jjonnation, and wherein the overburden casing is Wther disposed in cement. 



jpa 
*f* 

111 



3223. The method of claim 3204, further comprising coupling an overburden casing to 
10 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

3224. The method of claim 3204, wheyein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

15 

3225. An in situ method for heating a coal formation, comprising: 
heating a portion of the foixnation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: 

20 oxidizing a fuel gas in ^ heater, wherein the heater is disposed external to the 

formation; 

providing the oxidized fuel gas from the heater to the portion of the formation; 

and 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
25 formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
30 to a pyrolysis zone in ths formation. 
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3226. The method of claim 3225 ? further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
5 oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



n 

m 
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3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a co/iduit disposed in the opening such that a rate of 
oxidation is controlled. 

3229. The method of claim 3225/ further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3230. The method of claim 5225, wherein a conduit is disposed in the opening, the 
method further comprising cpoling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

25 the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3233. The method of :laim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

30 the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 



\ 

equal to a flow rate of the oxidation product in the conduit. 



677 



Conley, Rose & Tayon, P C. 



3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 



fluid. 



/ 



/ 



3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the/oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3236. The method of claim 3225, fuyiher comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3237. The method of claim 3225/ wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product/ through the outer conduit. 

3238. The method of claim B 22 5, wherein the portion of the formation extends radially 
from the opening a width of/less than approximately 0.2 m. 

3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portior 



3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3241. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3242. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3243. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburcaen casing is further disposed in cement. 

3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. / 

3245. The method of claim 3225, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3246. A system configured to heat a coal formation, comprising: 

an insulated conductor disposed within an open wellbore in the formation, 
wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during luse; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3247. The system of ;laim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3248. The system of :laim 3246, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 
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3249. The system of claim 3246, further comprising a support member and a centralizes 

wherein the support member is configured to support the insulated conductor, and 

wherein the centralizer is configured to maintain a location of the insulated conductor on 

the support member. 
/ 

/ ! 

3250. The system of claim 3246, wfterein the open wellbore comprises a diameter of at 
least approximately 5 cm. / 

325 1 . The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein tne lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3252. The system of clai: 
insulated conductor, whefli 
conductor. / 

3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor Avith a cold pin transition conductor. 

3255. The system/of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an ek ctrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 



3246, further comprising a lead-in conductor coupled to the 
sin the lead-in conductor comprises a rubber insulated 
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3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating materiabwherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper/nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3260. The system of claim 324t>, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261. The system of clainv 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium/oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately? 1 mm. 

3263. The system ofl claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. j 



3265. The system of claim 3246, wherein thp insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherpin the sheath comprises a corrosion-resistant 
material. 

3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, gfnd wherein the sheath comprises stainless steel. 

3267. The system of claim 32^46, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



3269. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 



support member, and 



wherein the insulated conductor and the additional insulated 



conductor are configu red in a parallel electrical configuration. 



3270. The system ofl claim 
generate radiant heat d>f 



3246, wherein the insulated conductor is configured to 
approximately 500 W/m to approximately 1 150 W/m during use. 
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3271 . The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
uringuse. / 



3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 

3273. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured fo provide a flow of fluid into the open 
wellbore during use. 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of flu^ti flow through the support member into the open 
wellbore during use. 

3275. The system of claim 3246/ further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3277. The system of claim B246, further comprising an overburden casing coupled to 



the open wellbore, wherein 



formation, and wherein the overburden casing is further disposed in cement. 



le overburden casing is disposed in an overburden of the 
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3278. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 

^casingand the open wellbore. ^ 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is dispo/ed at a junction of the overburden casing 

10 and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3280. The system of claim 3246, furthey comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 

15 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 



ill 3281 . The system of claim 3246, further comprising an overburden casing coupled to 

fi% the open wellbore, wherein the overburden casing is disposed in an overburden of the 

^ 20 formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburaen, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the/one sealing flange is configured to couple to the lead-in 
conductor. 

25 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferreq heat can pyrolyze at least some of the hydrocarbons in the 
selected section. 

30 3283. A system configurable to heat a coal formation, comprising: 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



a*- 

m 
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3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 



III 

3 

\2 



3286. The system of claim 3283, further comprising a support member and a centralizer, 
15 wherein the support member is configurable to support the insulated conductor, and 

wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

3287. The system of claim 328^, wherein the open wellbore comprises a diameter of at 
20 least approximately 5 cm. 



25 



3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, whereirythe lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherpin the lead-in conductor comprises a rubber insulated 
conductor. 



30 3290. The system of claim 
insulated conductor, wherein 



3283, further comprising a lead-in conductor coupled to the 
the lead-in conductor comprises a copper wire. 
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3291 . The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 

3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulatin^material, and wherein the conductor comprises a 
copper-nickel alloy. 

3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the cppper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 °/<j nickel by weight. 

3296. The system of claim/3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6/% nickel by weight. 



3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 



disposed in an electricall 



r insulating material, and wherein the electrically insulating 



material comprises a thermally conductive material. 
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3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material' 
comprises magnesium oxide, and wherein the/magnesium oxide comprises a thickness of 
at least approximately 1 mm. / 

3300. The system of claim 3283, whereip the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide ana magnesium oxide. 

3301 . The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. / 

3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheatti, and wherein the sheath comprises a corrosion-resistant 
material. / 

3303. The system of claim i283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 
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3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
5 conductor are configurable in a series electrical configuration. 



3306. The system of claim 3283, further comprising/an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 

10 conductor are configurable in a parallel electrical configuration. 

3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500/W/m to approximately 1 150 W/m during use. 

15 3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. / 

20 3309. The system of claim 3283, mrther comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wejlbore during use. 

25 3310. The system of claim 328p, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the open 
wellbore during use. 

3311. The system of claim 3283, further comprising a tube coupled to the first insulated 
30 conductor, wherein the tube comprises critical flow orifices configurable to provide a 

688 Conley, Rose & Tayon, P C. 

A 



substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 



3312. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. / 



3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

33 14. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 

33 15. The system of claim 3283, fWther comprising an overburden casing coupled to 
the open wellbore, wherein the overpurden casing is disposed in an overburden of the 
formation, and wherein a packing yiaterial is disposed at a junction of the overburden 
casing and the open wellbore. 

3316. The system of claim 32S^, further comprising an overburden casing coupled to 
the open wellbore, wherein the/overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wnerein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



33 17. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, ana wherein the packing material comprises cement. 
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3318. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein tlie wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 



33 19. The system of claim 3283, wherein the system is further configured to transfer 
10 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 
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3320. An in situ method for heatiiig a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide radiant heat to 
15 at least a portion of the formation, wherein the insulated conductor is disposed within an 

open wellbore in the formation;/and 

allowing the radiant he^lt to transfer from the insulated conductor to a selected 

section of the formation. 

20 3321 . The method of claim/3320, further comprising supporting the insulated conductor 
on a support member. 



3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 

25 member with a centralize •. 

3323. The method of chim 3320, wherein the insulated conductor is coupled to two 
additional insulated cone uctors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 

30 conductors are electrically coupled in a 3-phase Y configuration. 
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3324. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. 



3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insutetecLopnductor are electrically coupled in a series configuration. 



3326. The method of claim 3320, wherein an/additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 3320, wherjein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/mJ 

3328. The method of claim 3320, wnerein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

3329. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy/ and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



333 1 . The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 
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3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

/ 

3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxid&^and magnesium oxide. 

3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. / 

3335. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherdin the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wnerein the sheath comprises stainless steel. 

3337. The method of claim J320, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the open wellbore through an orifice in the 
support member. 

3338. The method of clain 3320, further comprising supporting the insulated conductor 
on a support member and fl )wing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 
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3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

) 

3340. The method of claim 3320, wherein a/tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid intoyihe open wellbore through critical flow orifices 
in the tube. / 

3341 . The method of claim 3320, fidrther comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 

3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into iihe open wellbore through the perforated tube. 

3343. The method of claim 6320, further comprising determining a temperature 
distribution in the insulated Conductor using an electromagnetic signal provided to the 
insulated conductor. J 

3344. The method of claim 3320, further comprising monitoring a leakage current of the 
insulated conductor. I 

3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. 

3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 
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3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3350. The method of claim 3320, further/ comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprise^ a substantially low resistance insulated 
conductor. 

3351. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the ove/burden casing is disposed in an overburden of the 
formation. 

3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3353. The method of claim 3 f 320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3354. The method of clai 
the open wellbore, wherein 
formation, and wherein a pj 
casing and the open wellbore 



3320, further comprising coupling an overburden casing to 
the overburden casing is disposed in an overburden of the 
eking material is disposed at a junction of the overburden 
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3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a coal /formation, comprising: 

applying an electrical current to aryinsulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation; and 

allowing the heat to transfer fn/m the insulated conductor to a section of the 
formation. 

3358. The method of claim 3357, /urther comprising supporting the insulated conductor 
oh a support member. 

3359. The method of claim 335/7, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. 



3360. The method of claim 8357, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed wilnin the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 

3361 . The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening. . 
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3362. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3364. The method of claim 3357, wherein/the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3365. The method of claim 3357, wlWein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

3366. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weyght to approximately 12 % nickel by weight. 

3367. The method of claim 33/57, wherein the insulated conductor comprises a 
conductor disposed in an elect/ically insulating material, wherein the conductor 
comprises a copper-nickel all©y, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by /weight to approximately 6 % nickel by weight. 



3368. The method of claim! 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material compris ss magnesium oxide. 



3369. The method of claim 
conductor disposed in an e 



3357, wherein the insulated conductor comprises a 
ectrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3370. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 



3371 . The method of claim 3357, whereip the insulated conductor comprises a 



conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesijpi oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 



3372. The method of claim 3357/wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3373. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and Wnerein the sheath comprises stainless steel. 

3374. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 



3375. The method of claim 3357, further comprising supporting the insulated conductor 



on a support member anc 
opening through critical 



flowing a substantially constant amount of fluid into the 
flow orifices in the support member. 
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3376. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



Mi 



m 
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5 3377. The method of claim 3357, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 3357, further comprising supporting the insulated conductor 
10 on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 



3379. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through jfhe perforated tube. 

3380. The method of claim 3357, further comprising determining a temperature 
distribution in the insulated conductor /ising an electromagnetic signal provided to the 
insulated conductor. 

3381 . The method of claim 3357, farther comprising monitoring a leakage current of the 
insulated conductor. 



3382. The method of claim 3357/ further comprising monitoring the applied electrical 
25 current. 

3383. The method of claim 33fy7, further comprising monitoring a voltage applied to the 
insulated conductor. 



30 3384. The method of claim 3i57, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. / 

3388. The method of claim 3357, fumier comprising coupling an overburden casing to 
the opening, wherein the overburden /casing is disposed in an overburden of the 
formation. / 

3389. The method of claim 3357, /further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3390. The method of claim 335v, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3391. The method of claim 33i 7, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packir g material is disposed at a junction of the overburden 
casing and the opening. 

\ 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3394. A system configured to heat a coal formation, comprising: 

10 an insulated conductor disposed within an opening in the formation, wherein the 

insulated conductor is configured to provide^ heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

15 wherein the system is configured Jto allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 



20 



3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of /an electrical current to the insulated conductor 
during use. 



3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 



25 



30 



3397. The system of claim 3394Jfurther comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 



wherein the centralizer is configi 
the support member. 

3398. The system of claim 3394 
approximately 5 cm. 



red to maintain a location of the insulated conductor on 



, wherein the opening comprises a diameter of at least 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor composes a rubber insulated 
conductor. / 

3401 . The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition/conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3404. The system of claim 3394, wherein 
electrically insulating material, and wherejp 
a thermally conductive material. 

3405. The system of claim 3394, wher< 
electrically insulating material, and whd 
magnesium oxide. / 

3406. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 



the copper-nickel alloy is disposed in an 
the electrically insulating material comprises 



in the copper-nickel alloy is disposed in an 
tein the electrically insulating material comprises 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electricaflly insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

341 1 . The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 
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3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant -heat of approximately 500 W/m to approximately 1 150 W/m during use. 



3415. The system of claim 3394, further comprising a/ support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the suppoct member into the opening during use. 

34 1 6. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during us 

3417. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the opening 
during use. 

3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fli/id flow through the support member into the opening 
during use. 

3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3421. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 3422. The system of claim 3394, further comprising £n overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disppfsed at a junction of the overburden 
casing and the opening. 

10 3423. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and me overburden casing during use. 



3424. The system of claim 3394, fiifther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the backing material comprises cement. 



3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
25 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at leasy the one sealing flange is configured to couple to the lead-in 
conductor. 



3426. The system of claim 3394, wherein the system is further configured to transfer 
30 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy /comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electrfcal current to the insulated conductor 
during use. 

3429. The system of claim 3427, further/comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3430. The system of claim 3427, funher comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

343 1 . The system of claim 34^7, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3432. The system of claim 5427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3435. The system of claim 3427, further comprising a leac^in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3436. The system of claim 3427, further comprising a/lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the ^electrically insulating material comprises 
a thermally conductive material. 

3438. The system of claim 3427, wherein tMe copper-nickel alloy is disposed in an 
electrically insulating material, and whereii/the electrically insulating material comprises 
magnesium oxide. 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3440. The system of claim 3427, wnerein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxjide. 
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3441 . The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

5 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an < 
electrically insulating material, wherein the electrically i^ulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-i/esistant material. 



10 3443. The system of claim 3427, wherein the copper/nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim 3427, further comprising two additional insulated 

15 conductors, wherein the insulated conductor ana the two additional insulated conductors 
are configurable in a 3 -phase Y configuration./ 

3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

20 support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 

3446. The system of claim 3427, furtMer comprising an additional insulated conductor, 
wherein the insulated conductor and tme additional insulated conductor are coupled to a 

25 support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

30 
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3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. j 

3450. The system of claim 3427, further co/nprising a tube coupled to the insulated 
conductor, wherein the tube is configurable/to provide a flow of fluid into the opening 
during use. / 

345 1 . The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises/critical flow orifices configurable to provide a 
substantially constant amount of fluici flow through the support member into the opening 
during use. / 

3452. The system of claim 3427,mirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3453. The system of claim 34£>7, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3454. The system of claim 
the opening, wherein the ov< 
formation, and^ wherein the < 



5427, further comprising an overburden casing coupled to 
irburden casing is disposed in an overburden of the 
Werburden casing is further disposed in cement. 
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3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3456. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is /disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3457. The system of claim 3427, furaier comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing maternal is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 34^7, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least/the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 

3460. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 

3461 . The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. 

3462. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and maintaining a locatio^n of the first insulated conductor on the 
support member with a centralizer. 

3463. The method of claim 3460, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein tne insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 

3464. The method of claim 3460, wperein an additional insulated conductor is disposed 
within the opening. 

3465. The method of claim 3460/ wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The method of claim 
500 W/m to approximately 1 



3460, wherein the provided heat comprises approximately 
50 W/m. 
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3468. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3470. The method of claim 3460, wherein the' copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3471. The method of claim 3460, wKerein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3472. The method of claim 346/), wherein the copper-nickel alloy is disposed in an 
electrically insulating material, Avherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 



3474. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 
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3475. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 

3476. The method of claim 3460, further comprising supporting the insulated conductor 

A 

on a support member and flowing a substantially consrakt amount of fluid into the 
_opening through critical flow orifices in the support member. 

3477. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

3478. The method of claim 3460, wherein af tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

3480. The method of claim 3460, wHerein a perforated tube is disposed in the opening 
proximate to the insulated conductor/ the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



3481 . The method of claim 3460,/further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3482. The method of claim 346b, further comprising monitoring a leakage current of the 
insulated conductor. 
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3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 



3484. The method of claim 3460, further comprisiijg monitoring a voltage applied to the 
insulated conductor. 



3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method of claim 3460, farther comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the oyerburden casing is disposed in an overburden of the 
formation. 



3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein thef overburden casing is disposed in an overburden of the 
formation, and wherein ihe overburden casing comprises steel. 
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3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is dispensed at a junction of the overburden 
casing and the opening. 



10 3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

15 3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 
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3495. A system configured to heat a/coal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3-phase Y 
configuration, and wherein at least/the three insulated conductors are configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

3496. The system of claim 3495, wherein at least the three insulated conductors are 
further configured to generate neat during application of an electrical current to at least 
the three insulated conductors during use. 



30 3497. The system of claim 3 
support member is configured 



95, further comprising a support member, wherein the 
to support at least the three insulated conductors. 



\ 
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3498. The system of claim 3495, further comprising a support member and a centralizer, 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to/maintain a location of at least the 
5 three insulated conductors on the support member. / 



3499. The system of claim 3495, wherein the opeping comprises a diameter of at least 
approximately 5 cm. 



u 



10 3500. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. 
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15 3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulatqa conductor. 

3502. The system of claim 3495, fifirther comprising at least one lead-in conductor 
20 coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 



25 
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3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3(495, further comprising at least one lead-in conductor 
coupled to at least the three ipsulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



715 



Conley, Rose & Tayon, P.C. 



3505. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 
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3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 



\ 



3507. The system of claim 3495, wherein at least the three insulated conductors 
10 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, And wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3495, wherein at least the three insulated conductors 
15 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel toy weight to approximately 6 % nickel by weight. 

3509. The system of claim 3495, Wherein at least the three insulated conductors 

20 comprise a conductor disposed in am electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 
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3510. The system of claim 3495J wherein at least the three insulated conductors 
comprise a conductor disposed in/ an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



3511. The system of claim 349 5 
comprise a conductor disposed 
electrically insulating material 
oxide comprises a thickness of 



, wherein at least the three insulated conductors 
an electrically insulating material, wherein the 
cjomprises magnesium oxide, and wherein the magnesium 
least approximately 1 mm. 
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3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises alumiii^n oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



3514. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system of claim 3495, ^herein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is ^disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3516. The system of claim 3495, wherein at least the three insulated conductors are 
configured to generate radianuheat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 



25 3517. The system of claim/3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. 

30 3518. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3519. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. 

3520. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises/critical flow orifices configured to 
provide a substantially constant amount of fluid^low through the support member into 
the opening during use. 

3521. The system of claim 3495, further co/nprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdep casing comprises steel. 

3523. The system of claim 3495, fiirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbi/rden casing is further disposed in cement. 



25 3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packjfng material is disposed at a junction of the overburden 
casing and the opening. 



30 3525. The system of claim 
the opening, wherein the 



3(495, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



5 3526. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



10 3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wheyein the wellhead comprises at least one sealing 

15 flange, and wherein at least the one seali/ig flange is configured to couple to the iead-in 
conductor. 



20 



3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat ca^l pyrolyze at least some hydrocarbons in the selected 
section. 



3529. A system configurable to heat a coal formation, comprising: 

at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least /the three insulated conductors are electrically coupled 
25 in a 3-phase Y configuration, and wherein at least the three insulated conductors are 

further configurable to provide neat to at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a select id section of the formation during use. 
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3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. i 



5 353 1 . The system of claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 
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3532. The system of claim 3529, further comprising a support member and a centralizer, 
wherein the support member is configurable to support at least the three insulated 
conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configurable to generate substantially no 
heat. 

3535. The system of claim 3529/ further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 



25 3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 

3537. The system of claim 3i>29, further comprising at least one lead-in conductor 
30 coupled to at least the three insulated conductors with a cold pin transition conductor. 
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3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 




3539. The system of claim 3529, wherein at least the /three insulated conductors 
comprise a conductor disposed in an electrically instating material, and wherein the 
electrically insulating material is disposed in a shea 



10 3540. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3541 . The system of claim 3529, wherein at least the three insulated conductors 
15 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel toy weight to approximately 12 % nickel by weight. 

3542. The system of claim 3529, wherein at least the three insulated conductors 
20 comprise a conductor disposed in/an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % mckel by weight to approximately 6 % nickel by weight. 

3543. The system of claim 3529, wherein at least the three insulated conductors 

25 comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3544. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
30 electrically insulating material comprises magnesium oxide. 



72 1 Conley, Rose & Tayon, P.C. 



3545. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3546. The system of claim 3529, wherein at least the thitee insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 
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3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurab}/ to occupy porous spaces within the 
magnesium oxide. 



3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3549. The system of claim 3529, Wherein at least the three insulated conductors 
comprise a conductor disposed in ah electrically insulating material, and wherein the 
electrically insulating material is cpposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3550. The system of claim 352$, wherein at least the three insulated conductors are 



configurable to generate radiant 
W/m during use. 



30 3551. The system of claim 35 



leat of approximately 500 W/m to approximately 1 150 



9, further comprising a support member configurable to 



support at least the three insulated conductors, wherein the support member comprises 
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orifices configurable to provide fluid flow through the support member into the opening 
during use. 



3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configurable to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 



3553. The system of claim 3529, further comprising a rabe coupled to at least the three 
10 insulated conductors, wherein the tube is configurable p provide a flow of fluid into the 
opening during use. 



15 



3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprise^ critical flow orifices configurable to 
provide a substantially constant amount of fluip flow through the support member into 
the opening during use. 



20 



3555. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 



3556. The system of claim 3529, furtlier comprising an overburden casing coupled to 
the opening, wherein the overburden easing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system of claim 3529, fibrther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 3558. The system of claim 3529Jfurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing materia/ik configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the /insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 

3563. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least three insulated conductors to provide heat 
to at least a portion of the formation, wherein at least the three insulated conductors are 
disposed within an opening in the formation; and 
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allowing the heat to transfer from at least the thfee insulated conductors to a 
selected section of the formation. 



3564. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member. 



3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member/with a centralizer. 

3566. The method of claim 3563, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3567. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in ari electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3568. The method of claim 35©3, wherein at least the three insulated conductors 
comprise a conductor disposecy in an electrically insulating material, wherein the 
conductor comprises a coppey-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3570. The method of 



electrically insulating 



laim 3563, wherein at least the three insulated conductors 



comprise a conductor disposed in an electrically insulating material, and wherein the 



ni 



aterial comprises magnesium oxide. 
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3571. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically/insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3573. The method of claim 3563, wherein/at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprise^ magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wMerein the grain particles are configured to occupy 
porous spaces within the magnesium oxide. 

3574. The method of claim 35637wherein at least the three insulated conductors 
comprise a conductor disposed iiyan electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. / 

3575. The method of clainy3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. / 

3576. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the suppor member. 
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3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in me support member. 



3578. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductor/, the method further comprising 
flowing a fluid into the opening through the perforated tube. 

3579. The method of claim 3563, wherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method further comprising flowing a 
substantially constant amount a fluid into/the opening through critical flow orifices in the 
tube. 

3580. The method of claim 3563, farther comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 

3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 



3583. The method of c 
least the three insulated 



aim 3563, further comprising monitoring a leakage current of at 
conductors. 



3584. The method of c|aim 3563, further comprising monitoring the applied electrical 
current. 
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3585. The method of claim 3563, further comprising monitoring a voltage applied to at 
least the three insulated conductors. 



/ 



3586. The method of claim 3563, further comprising monitoring a temperature in at 
least the three insulated conductors with at least one thermocouple. 



10 



3587. The method of claim 3563, furtheivcomprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

3588. The method of claim 3563, fiArther comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor. 



3589. The method of claim 3563, further comprising electrically coupling a lead-in 

15 conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition/conductor comprises a substantially low resistance 
insulated conductor. 

3590. The method of claini 3563, further comprising coupling an overburden casing to 
20 the opening, wherein the qverburden casing is disposed in an overburden of the 

formation. 



25 



3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3592. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. L 



3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing witn a packing material. 

3595. The method of claim 3563, furtMer comprising heating at least the portion of the 
formation to substantially pyrolyze at/least some of the hydrocarbons within the 
formation. / 

3596. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the first conductor 
to a section of the formation during use. 

3597. The system of cla|m 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596, wherein the first conductor comprises a pipe. 

3599. The system oflclaim 3596, wherein the first conductor comprises stainless steel. 

3600. The system o; 'claim 3596, wherein the first conduit comprises stainless steel. 
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3601. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material. 



a 
m 



3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the fipst conduit, wherein the centralizer comprises 

10 ceramic material and stainless steel. 

3604. The system of claim 3596, whe/ein the opening comprises a diameter of at least 
approximately 5 cm. 



m 
a 

4° 
111 



n 



15 3605. The system of claim 3596/further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead/in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim B596, further comprising a lead-in conductor coupled to the 
20 first conductor, wherein ther lead-in conductor comprises copper. 



3607. The system of clarm 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 



25 3608. The system of claim 3596, further comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 



to the first conduit. 

3609. The system of 
30 coupled to the first co 



laim 3596, further comprising a sliding electrical connector 
ductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 

3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one/sliding electrical connector is 
configured to generate less heat than the first conductor or the second conductor during 
use. / 

3611. The system of claim 3596, wherein /he first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than/neat radiated from the first conductor to the section 
along the second section of the conduit. 

3612. The system of claim 3596/ further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 

3613. The system of claim£596, further comprising a thermally conductive fluid 
disposed within the first conduit. 

3614. The system of claftm 3596, further comprising a thermally conductive fluid 
disposed within the first/ conduit, wherein the thermally conductive fluid comprises 
helium. / 

3615. The system of cjlaim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 

T 

_ofthefirst conduit during use. j< 

3617. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant heat of approximately 650 Wp to approximately 1650 W/m during use. 

3618. The system of claim 3596, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the thim conduit are disposed in different openings of the 
formation, wherein the first conductors electrically coupled to the second conductor and 
the third conductor, and wherein theflirst, second, and third conductors are configured to . 
operate in a 3 -phase Y configuration during use. 

3619. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrica/ circuit. 

3620. The system of claim/3596, further comprising a second conductor disposed within 
the first conduit, wherein tme second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

3621. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3622. The system of/claim 3596, further comprising an overburden casing coupled to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3626. The system of claim 3396, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 



3628. The system o 
the opening and a sufrstam 
casing and a centraliker 
within the overburde 



claim 3596, further comprising an overburden casing coupled to 
tially low resistance conductor disposed within the overburden 
configured to support the substantially low resistance conductor 
casing. 
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3629. The system of claim 3596, wherein the heated section of the formation is 
substantially pyrolyzed. 

A 

3630. A system configurable to heat a coal formation, composing: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within an opening/in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and / 

wherein the system is configurable to allow iieat to transfer from the first 
conductor to a section of the formation during use/ 

363 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3632. The system of claim 3630, wherein me first conductor comprises a pipe. 

3633. The system of claim 3630, wherein the first conductor comprises stainless steel. 

3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 

3635. The system of claim 3630, furtner comprising a centralizer configurable to 
maintain a location of the first conduc/tor within the first conduit. 

3636. The system of claim 3630, 
maintain a location of the first con< 
comprises ceramic material. 

3637. The system of claim 3630,/further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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ther comprising a centralizer configurable to 
ictor within the first conduit, wherein the centralizer 



3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. / 

3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises coroer. 

3641 . The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. / 

3642. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. / 

3643. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. / 

3645. The system of claim 3630, wherein/the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

5 3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first conduit during use. 

3647. The system of claim 3630, further comprising ^ thermally conductive fluid 
10 disposed within the first conduit. 

3648. The system of claim 3630, further compr/sing a thermally conductive fluid 
disposed within the first conduit, wherein the tWermally conductive fluid comprises 
helium. 



15 



20 
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3649. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 

3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, whereinf the tube is configurable to remove vapor produced 
from at least the heated portion of tee formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

365 1 . The system of claim 36$0, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3652. The system of claim 
30 a second conduit and* a third 
conduit, the second conduit 



630, further comprising a second conductor disposed within 
onductor disposed within a third conduit, wherein first 
ind the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configurable 
to operate in a 3 -phase Y configuration during use. 

3653. The system of claim 3630, further comprising ^second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3654. The system of claim 3630, further composing a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a/connector. 

3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden ca/ing is disposed in an overburden of the 
formation. 

3656. The system of claim 3630, fiurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3657. The system of claim 3680, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the of/erburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3659. The system of ch 
the opening, wherein the 



£im 



3630, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow ofrfluid between the opening and the overburden casing during use. 

3660. The system of claim 3630, further comprising ar/ overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. / 

3661. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. / 

3662. The system of claim 3630, fwther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. / 

3663. The system of claim 3n30, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3664. An in situ method tor heating a coal formation, comprising: 

applying an electmcal current to a first conductor to provide heat to at least a 
portion of the formation/ wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 

3665. The method of claim 3664, wherein the first conductor comprises a pipe. 

\ 
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3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, wherein the first conduit comprises stainless steel. 

5 3668. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer/ 



13 

m 
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3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 

1 0 ceramic material. 

3670. The method of claim 3664, farther comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless stepl. 

15 

3671 . The method of claim 36^64, further comprising coupling a sliding electrical 
connector to the first conductor. 

3672. The method of claim 3664, further comprising electrically coupling a sliding 

20 electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical le^d configured to complete an electrical circuit with the first 
conductor. 



25 



30 



3673. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generatep heat comprises approximately 20 percent generated by the first 
conduit. 



3674. The method 
650 W/m to 



of claim 3664, wherein the provided heat comprises approximately 
approximately 1650 W/m. 
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3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

3676. The method of claim 3664, further comprising monitoring the applied electrical 
current. / 

3677. The method of claim 3664, further comprising monitoring a voltage applied to the 
first conductor. / 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouples 

3679. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3680. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

368 1 . The method of cla/m 3664, further comprising coupling an overburden casing to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, and wherein rhe overburden casing is further disposed in cement. 

3682. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3683. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packirigjmaterial. 



3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistaj^ce conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 



3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially/low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, a^ad wherein the substantially low resistance conductor 
comprises carbon steel. 

3686. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. 

3687. The methoti of claim 3664, further comprising electrically coupling a lead-in 
conductor to the mrst conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 
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3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and the formation to substantially inhibit deformation of the 
first conduit. 



3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 

3691. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693. The method of claim 3664, fiirtner comprising removing a vapor from the 
opening rising a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 

3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 



3695. The method of claim 3664 
first conduit, wherein the sec/ond 
form an electrical circuit. 



, wherein a second conductor is disposed within the 
conductor is electrically coupled to the first conductor to 



3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein th^ second conductor is electrically coupled to the first conductor 
with a connector. 



3697. The method ofpaim 3664, wherein a second conductor is disposed within a 
second conduit and a tjriird conductor is disposed within a third conduit, wherein the 
second conduit and thjb third conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and third conductors are configured to operate 
in a 3-phase Y configuration. 

3698. The method of claim 3664, wherein a second Conductor is disposed within the 
first conduit, wherein at least one sliding electrical Connector is coupled to the first 
conductor and the second conductor, and wherein/heat generated by at least the one 
sliding electrical connector is less than heat ger^erated by the first conductor or the second 
conductor. 

3699. The method of claim 3664, whereirf the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than/heat radiated from the first conductor to the section 
along the second section of the conduit. 

3700. The method of claim 3664/, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 

3701 . The method of claim 3 664, further comprising disposing a perforated tube 
proximate to the first conduit/and flowing an oxidizing fluid through the perforated tube. 

3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3703. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 

within a first opening in/ the formation; 

a second conductor disposed in a second conduit, wherein the second conduit is 

disposed within a c secomd opening in the formation; 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at lea^ a portion of the formation 
during use; and 

wherein the system is configured to allow heai to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein theyfirst, second, and third conductors are 
further configured to generate heat during application of an electrical current to the first 
conductor. 

3705. The system of claim 3703, wherein the first, second, and third conductors 
comprise a pipe. 

3706. The system of claim 3703, ^/herein the first, second, and third conductors 
comprise stainless steel. 



3707. The system of claim 3703, wherein the first, second, and third openings comprise 
a diameter of at least approximately 5 cm. 



3708. The system of clainy3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 
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3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 



i 



/ 

3711. The system of claim 3703, further comprising/a third sliding electrical connector 
coupled to the third conductor, wherein the third slicing electrical connector is further 
coupled to the third conduit. 



3712. The system of claim 3703, wherein eacm of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from me first, second, and third conductors to the 
section along the second section of eap of the conduits. 

3713. The system of claim 3703, fiurther comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 

3715. The system of claim/ 3 703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



3716. The system of claifm 3703, further comprising a fluid disposed within the first, 
second, and third conduitp, wherein the fluid is configured to substantially inhibit arcing 



between the first, second, 
during use. 



and third conductors and the first, second, and third conduits 
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371 7. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 
heated portion of the formation such that a pressure ^Balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3719. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of /he formation, and wherein at least the one 
overburden casing comprises steel. 



3721 . The system of claim 3703, fujbther comprising at least one overburden casing 
coupled to the first, second, and thira openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 



3722. The system of claim 3703, 



urther comprising at least one overburden casing 



coupled to the first, second, and tl ird openings, wherein at least the one overburden 
casing is disposed in an overburde n of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 
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3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configured to substantially inhibit a 
flow of fluid between the first, second, and third opening anjd at least the one overburden 
casing during use. 

3724. The system of claim 3703, wherein the heated s/ction of the formation is 
substantially pyrolyzed. 

3725. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be deposed in a second conduit, wherein the 
second conduit is configurable to be disposed vfathin a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within/a third opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
in a 3-phase Y configuration, and wherein tne first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable! to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3726. The system of claim 3725, wherjbin the first, second, and third conductors are 
further configurable to generate heat duting application of an electrical current to the first 
conductor. 



3727. The system of claim 3725, wherein the first, second, and third conductors 
comprise a pipe. 
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3728. The system of claim 3725, wherein the first, second, and third conductors 
comprise stainless steel. 

/ 

3729. The system of claim 3725, wherein the first, second, and third opening comprise a 
diameter of at least approximately 5 cm. 

3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

373 1 . The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first gliding electrical connector is further 
coupled to the first conduit. 

3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor; wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherei/i the third sliding electrical connector is further 
coupled to the third conduit. 



3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 



section along the second section 



of each of the conduits. 
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3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of th? first, second, and third 
conduits during use. 

3736. The system of claim 3725, further comprising thermally conductive fluid 
disposed within the first, second, and third conduits 



IX) 
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3737. The system of claim 3725, further comprising a thermally conductive fluid 
10 disposed within the first, second, and third corjcluits, wherein the thermally conductive 

fluid comprises helium. 

3738. The system of claim 3725, further Comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 

15 between the first, second, and third concj/uctors and the first, second, and third conduits 
during use. 



Ill 



3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openingsptternal to the first, second, and third conduits, 
20 wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 



25 3740. The system of claim 37E5, wherein the first, second, and third conductors are 

further configurable to generatje radiant heat of approximately 650 W/m to approximately 
1 650 W/m during use. 



3741. The system of claim 3|725, further comprising at least one overburden casing 
30 coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 
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3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steeL J 

3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. / 

3745. The system of claim 3726, further comprising at least one overburden casing 
coupled to the first, second, andf third openings, wherein at least the one overburden 
casing is disposed in an overbidden of the formation, wherein a packing material is 
disposed at a junction of at le^t the one overburden casing and the first, second, and third 
openings, and wherein the paaking material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

3746. The system of claim p725, wherein the heated section of the formation is 
substantially pyrolyzed. 

3747. An in situ method for heating a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a tmrd opening in the formation; and 

allowing the heat to transfer from the fyrst, second, and third conductors to a 
selected section of the formation. 



3748. The method of claim 3747, wherein/the first, second, and third conductors 
comprise a pipe. 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
stainless steel. 

375 1 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, ^id third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 



3753. The method of claim 37/47, further comprising monitoring the applied electrical 
current. 



\ 
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3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747, further Comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and ttyird conduits, wherein the thermally conductive fluid 
comprises helium. 

3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors And the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 

3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 



3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 
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less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising ffpwing an oxidizing fluid through 
5 an orifice in the first, second, and third conduits. 

3763. The method of claim 3747, further comprising Seating at least the portion of the 
formation to substantially pyrolyze at least some of tne carbon within the formation. 



4° 



•J" 15 
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10 3764. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a conduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor witty a connector, and wherein the first and 
second conductors are configured to provide peat to at least a portion of the formation 
during use; and 

wherein the system is configured to/allow heat to transfer from the first and 
second conductors to a selected section of Ahe formation during use. 

20 3765. The system of claim 3764, wherejin the first conductor is further configured to 
generate heat during application of an ejfectrical current to the first conductor. 



25 



3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. 

3767. The system of claim 3764, wherein the first and second conductors comprise 
stainless steel. 

3768. The system of claim 3764, wperein the conduit comprises stainless steel. 



. 30 



Conley, Rose & Tayon, P C. 



•3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material. t\ 



3771 . The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the czonduit, wherein the centralizer 
comprises ceramic material and stainless steel. / 

3772. The system of claim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3773. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-vin conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 3764, further aomprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of tne first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduijt. 



3776. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to ma ntain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 



I 
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3777. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3779. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. 

3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3781 . The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant heat of approximate/y 650 W/m to approximately 1650 
W/m during use. 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. 

3783. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdem casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is/further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3787. The system of claim 3764, wherein the h/feated section of the formation is 
substantially pyrolyzed. 

3788. A system configurable to heat a coal formation, comprising: 
a first conductor configurable to be disposed in a conduit, wherein the conduit is 

configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 

conductor is configurable to be electrically coupled to the first conductor with a 

connector, and wherein the first and second conductors are further configurable to 

provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first and 

second conductors to a selected section of the formation during use. 



3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3790. The system of claim 3788, wjierein the first and second conductors comprise a 
pipe. 
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3791. The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 



3792. The system of claim 3788, wherein the cdnduit comprises stainless steel. 

3793. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second Conductors within the conduit. 

3794. The system of claim 3788, furtner comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material. 

3795. The system of claim 378>8, further comprising a centralizer configurable to 
maintain a location of the firs/ and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3796. The system of cl^im 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3798. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second/conductors, wherein the lead-in conductor comprises copper. 



3799. Thesy: 
second section 
second section 
first section of 



em of claim 3788, wherein the conduit comprises a first section and a 
wherein a thickness of the first section is greater than a thickness of the 
such that heat radiated from the first conductor to the section along the 
the conduit is less than heat radiated from the first conductor to the section 



along the secomd section of the conduit. 

\ 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 



inhibit deformation of the conduit during use. 



/ 



3801 . The system of claim 3788, further coijfprising a thermally conductive fluid 
disposed within the conduit. 

3802. The system of claim 3788, further comprising a thermally conductive fluid 
10 disposed within the conduit, whereiiyihe thermally conductive fluid comprises helium. 

3803. The system of claim 3 78 %L further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

15 

3804. The system of clain/ 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit ana the opening to substantially inhibit deformation of the conduit 

20 during use. 



25 



3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3806. The systeln of claim 3788, further comprising an overburden casing coupled to 
the opening, whejrein the overburden casing is disposed in an overburden of the 
formation. 
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3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3809. The system of claim 3788, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material/s disposed at a junction of the overburden 
casing and the opening. 

3810. The system of claim 3788, fui/her comprising an overburden casing coupled to 
15 the opening, wherein the overburderf casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/packing material is further configurable to substantially 
inhibit a flow of fluid between tpe opening and the overburden casing during use. 

20 3811. The system of claim 3^88, wherein the heated section of the formation is 
substantially pyrolyzed. 
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3812. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to ftransfer from at least the two conductors to a selected section of 
the formation. 

3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 
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3814. The method of claim 3812, wherein at least the two conductors comprise stainless 
steel. 

5 3815. The method of claim 3812, wherein the conduit ^omprises stainless steel. 

3816. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralize 



10 



*4* 

4: 



spa 

m 

• ISA 

111 

•F 



15 



20 



3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a central izer, wherein the centralizer comprises 
ceramic material. 

3818. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit wi^n a centralizer, wherein the centralizer comprises 
ceramic material and stainless steely 

3819. The method of claim 3812, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3820. The method of claim i812, further comprising determining a temperature 
distribution in the conduit uding an electromagnetic signal provided to the conduit. 



382 1 . The method of claipi 3812, further comprising monitoring the applied electrical 
25 current. 



3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two conductors] 



30 3823. The method of c 
conduit with at least one: 



aim 3812, further comprising monitoring a temperature in the 
thermocouple. 
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3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3827. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casii/g is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3828. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the methpd further comprises inhibiting a flow of fluid between 
the opening and the overburdery casing with a packing material. 

3829. The method of claim B 8 1 2, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit. / 

3831. The method of c 
fluid within the conduit 



aim 3812, further comprising providing a thermally conductive 
wherein the thermally conductive fluid comprises helium. 
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3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

3833. The method of claim 3812, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 



10 



3834. The method of claim 3812, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 
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3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the^ first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3836. The method of claim 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3837. The method of claim 3812, fijtther comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 



3838. The method of claim 381a further comprising heating at least the portion of the 
25 formation to substantially pyrolyze at least some of the carbon within the formation. 



30 



3839. A system configured to neat a coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a finst portion of the formation during use; 
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at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provided by at least the one conductor 
during use; and 

wherein the system is configured to allow heat jto transfer from at least the one 
conductor to a section of the formation during use. 



3840. The system of claim 3839, wherein at least ihe one conductor is further 
10 configured to generate heat during application of yan electrical current to at least the one 

conductor. 

3841 . The system of claim 3839, wherein at Aeast the one conductor comprises a pipe. 

15 3842. The system of claim 3839, wherein pi least the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 

20 3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 

3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
25 comprises ceramic material. 
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3846. The system of claim 3839f, further comprising a centralizer configured to maintain 



a location of at least the one con< 
comprises ceramic material and 



uctor within the conduit, wherein the centralizer 
stainless steel. 
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3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. / 



3849. The system of claim 3839, further comprising a leadyin conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3850. The system of claim 3839, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. / 

3851. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. / 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. / 

3853. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the tpermally conductive fluid comprises helium. 

3854. The system of claim 3839, furth< 
wherein the fluid is configured to substej 
conductor and the conduit during use. / 



comprising a fluid disposed within the conduit, 
itially inhibit arcing between at least the one 
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3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit Reformation of the conduit 
during use. 



3856. The system of claim 3839, wherein at least the one conductor is further 
configured to generate radiant heat of approximately £50 W/m to approximately 1650 
W/m during use. 

3857. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is d/sposed in an overburden of the 
formation. 

3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3859. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing /naterial is disposed at a junction of the overburden 
casing and the opening. 



3861. The system of claim 3830, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance c^fafcluctor is electrically coupled to at 
least the one conductor. 

3863. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein tl/e substantially low resistance conductor comprises 
carbon steel. 

3864. The system of claim 3839,/further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configu/ed to support the substantially low resistance conductor 
within the overburden casing. 

3865. The system of claim ^839, wherein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a coal formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
conduit is configurable tp be disposed within an opening in the formation, and wherein at 
least the one conductor As further configurable to provide heat to at least a first portion of 
the formation during use; 

at least one sliaing connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
connector is further configurable to provide heat during use, and wherein heat provided 
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by at least the one sliding connector is substantially less than the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
conductor to a section of the formation during use. ( 

3867. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate heat during application of anelectrical current to at least the one 
conductor. / 

3868. The system of claim 3866, wherein at leas/ the one conductor comprises a pipe. 

3869. The system of claim 3866, wherein at least the one conductor comprises stainless 
steel. / 

3870. Hie system of claim 3866, wherein tme conduit comprises stainless steel. 

3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

3872. The system of claim 3866, furthd" comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material/ 

3873. The system of claim 3866, fuixher comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3874. The system of claim 3866, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 



3876. The system of claim 3866, further comprising a leaden conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 



13 

m 
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3877. The system of claim 3866, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section/is greater than a thickness of the 

10 second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiate4'from the first conductor to the section 
along the second section of the conduit. 

3878. The system of claim 3866, further comprising a fluid disposed within the conduit, 
15 wherein the fluid is configurable to maintain/a pressure within the conduit to substantially 

inhibit deformation of the conduit during us 



III 
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3879. The system of claim 3866, furthe/ comprising a thermally conductive fluid 
disposed within the conduit. 

3880. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3881 . The system of claim 3 866/ further comprising a fluid disposed within the conduit, 
25 wherein the fluid is configurable ko substantially inhibit arcing between at least the one 
conductor and the conduit during use. 



3882. The system of claim 3866, further comprising a tube disposed within the opening 



external to the conduit, wherei 



the tube is configurable to remove vapor produced from 



30 at least the heated.portion of the formation such that a pressure balance is maintained 
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between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 



fa 



3883. The system of claim 3866, wherein at least throne conductor is further 
configurable to generate radiant heat of approximately p50 W/m to approximately 1650 
W/m during use. 

3884. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3885. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3886. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing /naterial is disposed at a junction of the overburden 
casing and the opening. 



3888. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packingvmaterial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

\ 
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3889. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 

3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. 

3891 . The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurableyfo support the substantially low resistance conductor 
within the overburden casing. 

3892. The system of claim 3866/ wherein the heated section of the formation is 
substantially pyrolyzed. 

3893. An in situ method for Heating a coal formation, comprising: 
applying an electrical/current to at least one conductor and at least one sliding 

connector to provide heat to/at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 

allowing the heat /to transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 



3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 
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3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. 

3896. The method of claim 3893, wherein the cpnduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a cemralizer. 

3898. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit witM a centralizer, wherein the centralizer comprises 
ceramic material. / 

3899. The method of claim 389J, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless/steel. 

3900. The method of clainy 3893, wherein the provided heat comprises approximately 
650 W/m to approximately 1 650 W/m. 

3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. / 

3903. The method oi claim 3893, further comprising monitoring a voltage applied to at 
least the one conductc »r. 

3904. The method of claim 3893, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

\ 
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3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3906. The method of claim 3893, further comppis^big coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3907. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3893/ further comprising coupling an overburden casing to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim B893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 



3911. The method of c 
the opening, wherein a 
overburden casing, wherein 



aim 3893, further comprising coupling an overburden casing to 
Substantially low resistance conductor is disposed within the 
the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 



3912. The method of claim 3893, further comprising coupling an overburden casing to 

the opening, wherein a substantially low resistance conductor is disposed within the 

/ 

overburden casing, wherein the substantially' low resistance conductor is electrically 
coupled to at least the one conductor, and/wherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 

3913. The method of claim 389/ further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3914. The method of claip 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 

3915. The method of claim 3893, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3916. The method 6f claim 3893, further comprising providing a thermally conductive 
fluid within the conduit. 



3917. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 



3918. Themethbd 
conductor and th<; 



of claim 3893, further comprising inhibiting arcing between the 
conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 



3920. The method of claim 3893, further^omprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 



3921 . The method of claim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3922. The method of claim 389a, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3924. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 

portion of the formatioy during use; and 

wherein the system is configured to allow heat to transfer from at least the one 

elongated member to a section of the formation during use. 



l o£ < 



3925. The system of claim 3924, wherein at least the one elongated member comprises 
stainless steel. 



3926. The system 
configured to gene 
elongated member 



of claim 3924, wherein at least the one elongated member is further 
ate heat during application of an electrical current to at least the one 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 

3929. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein me support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 

3930. The system of claim 3924; further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 
elongated member during usi 

3931 . The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wnerein the centralizer is configured to electrically isolate at least 
the one elongated member. 



3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member apd a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3934. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heati 

3935. The system of claim 3924, further comprising a lead-ir/conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. / 

3936. The system of claim 3924, further comprising aylead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3937. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3938. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3924, wherein/at least the one elongated member is arranged 
in a series electrical configuration. / 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

394 1 . The system of claim 3924, whei 
configured to generate radiant heat of a 
W/m during use. 



sin at least the one elongated member is 
sproximately 650 W/m to approximately 1650 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 



3943. The system of claim 3924, further comprising an owburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation. / 

3944. The system of claim 3924, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3948. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden leasing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924, wherein the heated section of the formation is 
ubstantially pyrolyzed. 

3950. A system configurable to heat a coal formation, comprising: 
at least one elongated member configurable to be>aisposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow Meat to transfer from at least the one 
elongated member to a section of the formation du/ing use. 

3951 . The system of claim 3950, wherein at legist the one elongated member comprises 
stainless steel. 

3952. The system of claim 3950, wherein a{ least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, whereyi the support member is configurable to support 
at least the one elongated member. 

3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 



3955. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wtterein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least trfe one elongated member during 



use. 



3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbon deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim 3950, further/comprising a centralizer coupled to at least the 
one elongated member, wherein the cen^alizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, fu/ther comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is/configurable to maintain a location of at least the one 
elongated member on the support/member. 

3959. The system of claim 39^0, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim i950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configiirable to generate substantially no heat. 



396 1 . The system of clair i 
least the one elongated mebiber 
insulated conductor. 



3950, further comprising a lead-in conductor coupled to at 
, wherein the lead-in conductor comprises a rubber 



779 



Conley, Rose & Tayon, P C. 



• t 



3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950, wherein at least the one elongated member is arranged 
in a series electrical configuration. / 

3966. The system of claim 3950, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

3967. The system of claim 3950, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. I 

3969. The system of claim 3950, fumher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. I 



\ 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ 

3971 . The system of claim 3950, further comprising jtn overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3973. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein tm packing material is further configurable to substantially 
inhibit a flow of fluid betweeiythe opening and the overburden casing during use. 

3975. The system of claim 2950, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3976. An in situ method for heating a coal formation, comprising: 

applying an electric al current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

3977. The method of claim 3976, wherein at least the one elongated member comprises 
5 a metal strip. 

3978. The method of claim 3976, wherein at least the or^ elongated member comprises 
a metal rod. 



m 



10 3979. The method of claim 3976, wherein at least thp one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member. > 
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398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

20 3982. The method of claim 3976, further /comprising electrically isolating at least the 
one elongated member with a centralizer.. 



25 



3983. The method of claim 3976, furtl^er comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3976, furjther comprising electrically coupling at least the 
one elongated member in a series con/figuration. 



3985. The method of claim 3976, further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 
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3986. The method of claim 3976, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further comprising deteAnining a temperature 
distribution in at least the one elongated member using an/electromagnetic signal 
provided to at least the one elongated member. 

3988. The method of claim 3976, further comprising/monitoring the applied electrical 
current. 

3989. The method of claim 3976, further comprising monitoring a voltage applied to at 
least the one elongated member. 

3990. The method of claim 3976, further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 

3991 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 
the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. 

3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least tne one elongated member to substantially inhibit 
carbon deposition proximate to or on/at least the one elongated member. 



3993. The method of claim 3976, fibrther comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 



\ 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantialljtao heat. 

/ 

595. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a co/d pin transition conductor. 



III 



3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member usingra cold pin transition conductor, 

10 wherein the cold pin transition conductor comprise*/ a substantially low resistance 
insulated conductor. 

3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 

15 formation. 
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3998. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

3999. The method of claim 3976, furtner comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



25 



4000. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 



Conley, Rose & Tayon, P C. 



4002. The method of claim 3976 ? further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



4003. A system configured to heat a coal formation, comprising; 

at least one elongated member disposed within an opening in the formation, 
wherein at least the one elongated member is configured tp provide heat to at least a 
portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed within the opening, wherefn the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member auring use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 



4004. The system of claim 4003, wherein ^t least the one elongated member comprises 
stainless steel. 

4005. The system of claim 4003, wherem at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 

4006. The system of claim 4003, whferein at least the one elongated member is coupled 
to the conduit, wherein the conduit is/further configured to support at least the one 
elongated member. 



4007. The system of claim 4003 
to the conduit, wherein the conduit 
elongated member, and wherein tHe 



herein at least the one elongated member is coupled 
is further configured to support at least the one 
conduit comprises openings. 



785 



Conley, Rose & Tayon, P C. 



t • 



4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 

4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the coriauit. 

4010. The system of claim 4003, wherein the opening/comprises a diameter of at least 
approximately 5 cm. / 

401 1 . The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. / 

4013. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein tne lead-in conductor comprises copper wire. 

4014. The system of claim 4003, further/comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4015. The system of claim 4003, furth'er comprising a lead-in conductor coupled to at 
least the one elongated member with a/cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

401 6. The system of claim 4003, wmerein at least the one elongated member is arranged 
in a series electrical configuration. | 
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4017. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

/' 

401 8. The system of claim 4003, wherein at least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

4019. The system of claim 4003, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from tlWopening to control a pressure in the opening during 
use. 

4020. The system of claim 4002, further comprising an overburden casing coupled to 
the opening, wherein the overbjarden casing is disposed in an overburden of the 
formation. 

4021. The system of clainy4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein tne overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



4023. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, whereip the overburden casing is disposed in an overburden of the 
formation, and whqrein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material composes cement. 



4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
10 inhibit a flow of fluid between the opening and the overburden casing during use. 

□ 

♦II 4026. The system of claim 4003, wherein the heated section of the formation is 

m 

11 substantially pyrolyzed. 



r 
'% 

•P 15 4027. A system configurable to heat a coal formation, comprising: 

m / 

„ at least one elongated/member configurable to be disposed within an opening in 

'"I the formation, wherein at leiast the one elongated member is further configurable to 

:f: / 

ill provide heat to at least a portion of the formation during use; 

■P / 

p a conduit configurable to be disposed within the opening, wherein the conduit is 

20 further configurable t^provide an oxidizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibitf'carbon deposition on or proximate to at least the one elongated 
member during use; and 

wherein the system is further configurable to allow heat to transfer from at least 
25 the one elongatei member to a section of the formation during use. 



4028. The sysjem of claim 4027, wherein at least the one elongated member comprises 
stainless steel. 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 



4030. The system of claim 4027, wherein at least the onfe elongated member is coupled 
to the conduit, wherein the conduit is further configurat/le to support at least the one 
elongated member. / 

403 1 . The system of claim 4027, wherein at leasi the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member, and wherein the conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of claim 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

4035. The system of clainy4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

4036. The system of c. 
least the one elongated/ 
insulated conductor. / 



aim 4027, further comprising a lead-in conductor coupled to at 
lember, wherein the lead-in conductor comprises a rubber 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system of claim 4027, further comprising a lead-in coiwiuctor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 4027, wherein at least the one/elongated member is arranged 
in a series electrical configuration. / 

4041 . The system of claim 4027, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

4042. The system of claim 4027, wherein at least me one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. / 

4044. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. / 

4046. The system of claim 4027, further comprising an overburden/casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

/ 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an Overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027, further comprising afn overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed m a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing Ls disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, whej/ein the heated section of the formation is 
substantially pyrolyzed. ( / 

405 1 . An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

4052. The method of claim 405 1 , wherein at least the one elongated member comprises 
a metal strip. / 

4053. The method of claim 4051, wherein at least the one elongated member comprises 
a metal rod. / 

4054. The method of claim 405 1 , wherein at least the one elongated member comprises 
stainless steel. / 

4055. The method of claim 4051, further comprising supporting at least the one 
elongated member on a center support member. / 

4056. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support memben wherein the center support member 
comprises a tube. / 

4057. The method of claim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centralizer. / 

4058. The method of claim 405 1, further comprising laterally spacing at least the one 
elongated member with a centralizer. / 

4059. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a series configuration. 
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4060. The method of claim 405 1, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

4061 . The method of claim 405 1 , wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. : 



4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member using a(n electromagnetic signal 
provided to at least the one elongated member. / 

4063. The method of claim 405 1, further comprising monitoring the applied electrical 
current. / 

4064. The method of claim 405 1, further comprising monitoring a voltage applied to at 
least the one elongated member. / 

4065. The method of claim 405 1 , furthe/ comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 

4066. The method of claim 405 1 , funher comprising supporting at least the one 
elongated member on a center suppom member, wherein the center support member 
comprises openings, wherein providmg the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. / 

4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate ko at least the one elongated member. 
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4068. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 
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5 4069. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 

4070. The method of claim 405 1, further comprising ^electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 

10 wherein the cold pin transition conductor comprise/ a substantially low resistance 
insulated conductor. 

407 1 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing i/ disposed in an overburden of the 

15 formation. 

4072. The method of claim 405 1 , further/comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 4073 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden dasing is disposed in cement. 



25 



4074. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 



4075. The method of claim 405 1 J further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 4051, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



4077. An in situ method for heating a coal formation, comprising: 
5 oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized fuel fli/id into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the oxidized fue^fluid to a section of the formation; 

and 

10 allowing additional heat to transfer from anyfelectric heater disposed in the opening 

to the section of the formation, wherein heat is aljowed to transfer substantially uniformly 
along a length of the opening. 

4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
15 fuel fluid into the opening comprises flowii/g the oxidized fuel fluid through a perforated 

conduit disposed in the opening. 

4079. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

20 conduit disposed in the opening, the n/ethod further comprising removing an exhaust 
fluid through the opening. 
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4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

4081 . The method of claim 407^, further comprising removing the oxidized fuel fluid 
through the conduit. 



4082. The method of claim 40 
30 through the conduit and providing 
additional heater disposed in the 



7, further comprising removing the oxidized fuel fluid 

the removed oxidized fuel fluid to at least one 
formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 

nduit. 

4084. The method of claim 4077, wherein the electric Keater is an insulated conductor. 

4085. The method of claim 4077, wherein the elecj^ric heater is a conductor disposed in 
the conduit. 

4086. The method of claim 4077, wherein th^ electric heater is an elongated conductive 
member. 



4087. A system configured to heat a ctfal formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more Meat sources are configured to provide heat to at least 
a portion of the formation during upe; and 

wherein the system is configured to allow heat to transfer from the one or more 
heat sources to a selected section of the formation during use. 

4088. The system of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hyarocarbons within the selected section of the formation. 

4089. The system of cl^m 4087, wherein the one or more heat sources comprise 
electrical heaters. 



4090. The system of c^aim 4087, wherein the one or more heat sources comprise surface 
burners. 
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4091 . The system of claim 4087, wherein the one or more heat sources comprise 
flameless distributed combustors. 

5 4092. The system of claim 4087, wherein the one or more heat sources comprise natural 

i 7 1 

\ distributed combustors. / 



4093. The system of claim 4087, wherein the one o/more open wellbores comprise a 
diameter of at least approximately 5 cm. / 

10 / 

4094. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellboresywherein the overburden casing is disposed in 
an overburden of the formation. / 

15 4095. Xhe system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellfcores, wherein the overburden casing is disposed in 
an overburden of the formation, ancmvherein the overburden casing comprises steel. 

4096. The system of claim 4087; further comprising an overburden casing coupled to at 
20 least one of the one or more open wellbores, wherein the overburden casing is disposed in 

an overburden of the formation, and wherein the overburden casing is further disposed in 
cement. / 

4097. The system of clainV 4087, further comprising an overburden casing coupled to at 
25 least one of the one or more open wellbores, wherein the overburden casing is disposed in 

an overburden of the forayation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at least one of the one or more open wellbores. 

4098. The system of claim 4087, further comprising an overburden casing coupled to at 
30 least one of the one or rr ore open wellbores, wherein the overburden casing is disposed in 

an overburden of the formation, wherein a packing material is disposed at a junction of 
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the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 



4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material comprises cement. / 

4100. The system of claim 4087, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. / 

4101. The system of claim 4087, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. / 



4102. The system of claim 4087, further comprising a valve coupled to a production 
well configured to control a pressure within at least a majority of the selected section of 
the formation. / 

4103. A method of treating a coal formation in situ, comprising: 

providing heat from on© or more heat sources to at least one portion of the 
formation, wherein the one or more heat sources are disposed within one or more open 
wellbores in the formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation. 
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4104. The method of claim 4103, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation.- 

4 1 05 . The method of claim 4103, wherein controllinstformation conditions comprises 
maintaining a temperature within the selected sectionywithin a pyrolysis temperature 
range with a lower pyrolysis temperature of about 2^0 °C and an upper pyrolysis 
temperature of about 400 °C. 

4106. The method of claim 4103, wherein the ^ne or more heat sources comprise 
electrical heaters. 

4107. The method of claim 4103, wherein /he one or more heat sources comprise 
surface burners. 

4108. The method of claim 4103, wherein the one or more heat sources comprise 
flameless distributed combustors. 

4109. The method of claim 4103, wperein the one or more heat sources comprise natural 
distributed combustors. 

4110. The method of claim 4 103 ./wherein the one or more heat sources are suspended 
within the one or more open wellbores. 



4111. The method of claim 41 0B, wherein a tube is disposed in at least one of the one or 
more open wellbores proximate to heat source, the method further comprising flowing a 
substantially constant amount a [fluid into at least one of the one or more open wellbores 



through critical flow orifices in 



the tube. 



\ 
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4112. The method of claim 4103, wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. 



41 13. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein ^ne overburden casing is disposed 
in an overburden of the formation. 



ft] 
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10 4114. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wnerein the overburden casing is disposed 
in an overburden of the formation, and wherein /he overburden casing comprise steel. 

4115. The method of claim 4103, further comprising coupling an overburden casing to 
15 at least one of the one or more open wellboces, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein the overburden casing is further disposed 
in cement. 

4116. The method of claim 4103, further comprising coupling an overburden casing to 
20 at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein a packing material is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 



4117. The method of claim 4 1 03, further comprising coupling an overburden casing to 
25 at least one of the one or more opep wellbores, wherein the overburden casing is disposed 
in an overburden of the formation/ and wherein the method further comprises inhibiting a 
flow of fluid between the at least/one of the one or more open wellbores and the 
overburden casing with a packing material. 



30 4118. The method of claim 4103, further comprising heating at least the portion of the 
formation to substantially pyrol yze at least some of the carbon within the formation. 

v 
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4119. The method of claim 4103, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



4 1 20. The method of claim 4103, further comprising ^controlling a pressure with the 
wellbore. 

4121. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to at least 
one of the one or more heat sources. 

4122. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of tj4e formation with a valve coupled to a 
production well located in the formation. y 

4123. The method of claim 4103, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



4 1 24. The method of claim 41 03, wherein providing heat from the one or more heat 
sources to at least the portion of fomiation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 



wherein Pwr is calculated by the 
Pwr = h*V*Cv*p B 



quation: 



\ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

4125. The method of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 

4 1 26. The method of claim 4 1 03, wherein providing hea/from the one or more heat 
sources comprises heating the selected section such that/a thermal conductivity of at least 
a portion of the selected section is greater than about 0/5 W/(m °C). 

4127. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

*** / 

4128. The method of claim 4 1 03, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

4129. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein ^molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4130. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbon^ are olefins. 

4131. The method of claim 4103, 
hydrocarbons, and wherein less th£ 
basis, of the condensable hydrocar 



therein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
x>ns is nitrogen. 
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4132. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



4133. The method of claim 4103, wherein the produced fixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds/and wherein the oxygen 
containing compounds comprise phenols. 
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10 4134. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sull 

4135. The method of claim 4103, wherein ihe produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than atput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



ill 
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4136. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



4137. The method of claim 4 1 03 , Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th£n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4138. The method of claim 41 0B, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4139. The method'of claim 4103, wherein the produced mixture comprises a non- 
condensable component, wherjbin the non-condensable component comprises hydrogen, 
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and wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by wejght of the produced mixture is ammonia. 

4141 . The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4142. The method of claim 4103/ further comprising controlling a pressure within at 
least a majority of the selected section of the formation. 

4143. The method of claim/4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar at/solute. 

4144. The method of claim 4103, further comprising controlling formation conditions 
such that the produced mixture comprises a partial pressure of H2 within the mixture 
greater than about 0.5 bar. 



4145. The method/of claim 4144, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



4146. Themethojd 
recirculating a poijtion 



of claim 4103, wherein controlling formation conditions comprises 
of hydrogen from the mixture into the formation. 



4147. The method of claim 4103, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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4148. The method of claim 4103, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



4149. The method of claim 4103, wherein the produced mixture/comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion/of the produced hydrogen. 

4150. The method of claim 4103, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

4151. The method of claim 4103, wherein allowing me heat to transfer comprises 
substantially uniformly increasing a permeability of A majority of the selected section. 

4152. The method of claim 4103, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

4153. The method of claim 4103, wherein producing the mixture comprises producing 
the mixture in a production well, and whereii/ at least about 7 heat sources are disposed in 
the formation for the production well. 

4154. The method of claim 4103, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4155. The method of claim 4103, futiher comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4156. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 



4157. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

4158. The method of claim 4103, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of ^ie H2S from non-condensable 
hydrocarbons. 

4159. The method of claim 4103, wherein the^produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 

4160. The method of claim 4103, wherein the mixture is produced from a production 
well, wherein the heating is controlled siach that the mixture can be produced from the 
formation as a vapor. 

4161 . The method of claim 4103, wherein the mixture is produced from a production 
well, the method further comprising Aieating a wellbore of the production well to inhibit 
condensation of the mixture within me wellbore. 



4162. The method of claim 4103 ' wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produpe the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H2. 

\ 
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4163. The method of claim 4103, wherein the selected section is heated to a minimum 
pyrolysis temperature of about 270 °C. * 

4164. The method of claim 4103, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. / 

4165. The method of claim 4103, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. / 

4 1 66. The method of claim 4103, furthe/ comprising controlling pressure within the 
formation in a range from about atmospMeric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein ihe pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased' to reduce the API gravity. 

4167. A mixture produced from a/portion of a coal formation, the mixture comprising: 
an olefin content of less than about 10% by weight; and 

an average carbon number less than about 35. 

4168. The mixture of claim 4 167, further comprising an average carbon number less 
than about 30. / 

4169. The mixture of claim 4167, further comprising an average carbon number less 
than about 25. / 

4170. The mixture of claim 4167, further comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein^a weight ratio of the hydrocarbons giving carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 
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4171. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 

10 less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. 

4172. The mixture of claim 4167, farther comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

15 

4173. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein an olefin content of the/condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is /ess than about 15 % by weight of the condensable 

20 hydrocarbons. 



25 
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4174. The mixture of clajm 4167, further comprising condensable hydrocarbons, 
wherein less than about p % by weight of the condensable hydrocarbons have a carbon 
number greater than about 25. 

4175. The mixture of claim 4174, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, wherein less 
than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen, and wherein less than about 1 % by weight, when calculated on 
an atomic basis, of tie condensable hydrocarbons is sulfur. 
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4176. The mixture of claim 4173, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



4177. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 

condensable hydrocarbons, comprising^ 

oxygenated hydrocarbons, wlierein greater than about 1.5 % by weight of 

the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 



4178. The mixture of claim 4167, further comprising: 



condensable hydrocarbons, wherein less than about 5 % by weight of the 



ill 

condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; j 

wherein the condensable/hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons/comprises oxygenated hydrocarbons; and 

aromatic com/ounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons ^mprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 1 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4179. The mixture of clpm 4167, further comprising a condensable mixture, 
comprising: 



\ 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0. 1 % by weight Af the condensable mixture 
comprises asphaltenes. / 



4180. The mixture of claim 4179, further comprising, o^genated hydrocarbons, 
wherein less than about 15 % by weight of the condensable mixture comprises 
oxygenated hydrocarbons; / 

4181. The mixture of claim 4167, further comprising a condensable mixture, 
comprising: / 

olefins, wherein about 0. 1 % by weight JLo about 2 % by weight of the 
condensable mixture comprises olefins; and / 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics wifn more than two rings. 

4182. The mixture of claim 4180, further comprising oxygenated hydrocarbons, wherein 
greater than about 25 % by weight of the condensable mixture comprises oxygenated 
hydrocarbons. / 

4183. The mixture of claim 4167,iurther comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 
comprise H2, wherein greater than about 10 % by weight of the non-condensable 
hydrocarbons comprises H2; / 

ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 
ammonia; and / 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is/greater than about 0.4. 

41 84. A mixture produced/from a portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4185. The mixture of claim 4184, further comprising (/ondensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

4186. The mixture of claim 4184, wherein a rrtolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/0.001 to about 0.15. 

4187. The mixture of claim 41 84, furtheycomprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

4188. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxwen. 

41 89. The mixture of claim m 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weighy to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing/ compounds, and wherein the oxygen containing compounds 
comprise phenols. / 

4 1 90. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about A % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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4191. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



4 1 92. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

4193. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 0.3 % by weight oiyfhe condensable hydrocarbons are 
asphaltenes. 

4194. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to aboyt 30 % by weight of the condensable hydrocarbons 
comprise cycloalkanes. 

4195. The mixture of claim 418*4, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensaple hydrocarbons. 

4196. The mixture of claim 4184, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4197. The mixture of claim 41 84, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 



4198. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 1 5 weight % of the condensable hydrocarbons have a carbon 
number greater than ipproximately 25. 
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4199. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 



about 5 % by weight of the condensable hydrocarbons comprises olefins. 



4200. The mixture of claim 41 84, further composing condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

4201. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of th^f condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4202. The mixture of claim 4184/ further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4203. The mixture of claim K\ 84, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the noivcondensable hydrocarbons comprises H2. 

4204. The mixture of olaim 4184, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



4205. A mixture produced from a portion of a coal formation, the mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, whenein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, v^herein greater 
than about 5 % b$ weight of the condensable component comprises oxygenated 
hydrocarbons 
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4206. The mixture of claim 4205, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. ) 

/! 

4207. The mixture of claim 4205, wherein a molar/fatio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.0(M to about 0.15. 

4208. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4210. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

421 1 . The mixture of claim 4205 /wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4212. The mixture of claim 4205, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

42 1 3 . The mixture of claii 
condensable hydrocarbons 

4214. The mixture of claiijh 4205, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4215. The mixture of clai n 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable lydrocarbons are cycloalkanes. 

i 
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/4205, wherein less than about 5 % by weight of the 
emprises multi-ring aromatics with more than two rings. 
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4216. The mixture of claim 4205, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4217. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

4218. The mixture of claim 4205, wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4219. The mixture of claim 4205, wherein less than about 5 weight % of the 
condensable hydrocarbons in the mixture/have a carbon number greater than 
approximately 25. 

4220. The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about/0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4221 . The mixture of claim 42()5, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefin^. 



4222. The mixture of dainty 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greater than about 5 % by weight of the mixture comprises H 2 . 

4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greater than about 15 % by weight of the mixture comprises H 2 . 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



4225. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; / 

wherein less than about 1 % by weight, When calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen;/ 

wherein less than about 1 % by weighs when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulrar. 

4226. The mixture of claim 4225, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4227. The mixture of claim 4225, wherein less than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 

4228. The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. / 

4229. The mixture of claim/4225, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4230. The mixture of claim 4225, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4232. The mixture of claim 4225, wherein less than abofat 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromajfics with more than two rings. 

4233. The mixture of claim 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

4234. The mixture of claim 4225, wherein alzfout 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons arycycloalkanes. 

4235. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is /greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4236. The mixture of claim 4225/ further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbonsVand wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4239. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
H2, and wherein greater! than about 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 



817 



Conley, Rose & Tayon, P C. 



t t 



4240. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
Hb, and wherein greater than about 15 % by weight of the mixture comprises H2. 

n 

' i 

4241 . The mixture of claim 4225, wherein a weight ratio oiv hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 
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4242. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

10 of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 °/f by weight of the mixture comprises 
ammonia; and 

condensable hydrocarbons comprising akygenated hydrocarbons, wherein greater 
15 than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4243. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 Vj by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 
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4244. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4245. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less man about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



v 



Conley, Rose & Tayon, P C. 



• 




4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, ywhen calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4248. The mixture of claim 4242, wherein the condensable hydrocarbons further 

10 comprise oxygen containing compounds, wherein abooit 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4249. The mixture of claim 4242, wherein the' condensable hydrocarbons further 

15 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic conroounds. 



Ill 
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4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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425 1 . The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein/less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4252. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and whprein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are/cycloalkanes. 



30 4253. The mixture of claim/4242, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
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non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4254. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. / 

4255. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4256. The mixture of claim 4242, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. / 

4257. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 5 % by weight of the mixture comprises H 2 . 

4258. The mixture of claim 4242/ wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 15 % by weight of the mixture comprises 
H 2 . / 

4259. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having caroon numbers greater than 2, to methane, is greater than about 
0.3. / 

4260. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensablp hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein/a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane/ is greater than approximately 1 ; and 
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condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 

4261 . The mixture of claim 4260, wherein the non-conde&able hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio x5f ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4262. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than aboyx 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbohs is nitrogen. 

4263. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less thaii about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture of claim 4260/wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less/than about 1 % by weight, when calculated on an 
atomic basis, of the condensable/ hydrocarbons is sulfur. 



|«t 20 4265. The mixture of claim 4260, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



25 4266. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4267. The mixture of cl aim 4260, wherein the condensable hydrocarbons further 
30 comprise multi-ring aroriatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by v^pight of the condensable 
hydrocarbons are asphaltenes. / 

4269. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



O 

m 



10 4270. The mixture of claim 4260, wherein the jion-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen/is greater than about 10 % by volume of 
the non-condensable hydrocarbons and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbohs. 



IX) 
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15 4271 . The mixture of claim 4260, wherein the produced mixture further comprises 
ammonia, and wherein greater than abput 0.05 % by weight of the produced mixture is 
ammonia. 

4272. The mixture of claim 4260,/wherein the produced mixture further comprises 
20 ammonia, and wherein the ammonia is used to produce fertilizer. 



25 



4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having/ a carbon number of greater than approximately 25, and 
wherein less than about 15 %/by weight of the hydrocarbons have a carbon number 
greater than approximately '. 



4274. The mixture of claim 4260, wherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefins. 



30 4275 . The mixture of claim 4260, wherein about 0.1% to about 2 % by weight of the 
condensable component comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4277. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenateel hydrocarbons. 

4278. The mixture of claim 4260, wherein Xhi non-condensable hydrocarbons further 
comprise H2, and wherein greater than about/5 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4279. The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4280. The mixture of claim 4260, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to metnane, is greater than about 0.3. 

4281 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 weight % of the 

condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about 5 r/o by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. / 

4282. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, anc wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4. to methane, is greater than approximately 1 . 
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4283. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4284. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 



U 

m 



m 
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10 4285. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about A % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4286. The mixture of claim 4281, wherein'the condensable hydrocarbons further 

15 comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4287. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than/about 1 % by weight, when calculated on an 

20 atomic basis, of the condensable hydrocarbons is sulfur. 



25 



4288. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



30 



4289. The mixture of claim 4281 wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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4290. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



429 1 . The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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4292. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 

10 comprise cycloalkanes, and wherein about 5 % by yi 'eight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4293 . The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 

15 hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about 8^ % by volume of the non-condensable 
hydrocarbons. 

4294. The mixture of claim 4281, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the produced mixture is ammonia. 



4295. The mixture of claim 428 y, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

25 4296. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 



4297. The mixture of claim 
30 comprises olefins, and wherein 
hydrocarbons comprises ole 



4281, wherein the condensable hydrocarbons further 

about 0.1 % to about 5 % by weight of the condensable 
Ins. 
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4298. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. A 



4299. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises theyoxygenated hydrocarbon. 

4300. The mixture of claim 4281, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4301 . The mixture of claim 428 1 , nirther comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 
% by weight of the non-condensable hydrocarbons comprises H2. 

81, wherein a weight ratio of hydrocarbons having greater 
lethane, is greater than about 0.3. 

4303. A mixture produced from a portion of a coal formation, comprising: 

condensable hydrocarbons, wherein less than about 1 5 % by weight of the 
condensable hydrocarbons /have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic >asis, is sulfur. 

\ 



43 Q2. The mixture of claim A 4 
than about 2 carbon atoms, to j 
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4304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 



4305. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weigfyf to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 4306. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 



4307. The mixture of claim 4303, wherein'the condensable hydrocarbons further 

t; . . / 

P 15 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

m I 

Ei * weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

wherein the oxygen containing compounds comprise phenols. 



4308. The mixture of claim 4303, wherein the condensable hydrocarbons further 
20 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4309. The mixture of claim 4303,/wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, ana wherein less than about 5 % by weight of the 
25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



43 10. The mixture of claim 43(j3, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 



30 



hydrocarbons are asphaltenes. 
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43 1 1 . The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 43 12. The mixture of claim 4303, further comprising nin-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % yy volume of the non-condensable 
component comprises hydrogen. 

10 4313. The mixture of claim 4303, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

43 14. The mixture of claim 4303, further con/prising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

15 

4315. The mixture of claim 4303, whereiiythe condensable component further 
comprises olefins, and wherein about 0.1 °f> to about 5 % by weight of the condensable 
component comprises olefins. 

20 43 16. The mixture of claim 4303, wherein the condensable component further 

comprises olefins, and wherein about (/.l % to about 2.5 % by weight of the condensable 
component comprises olefins. 



4317. The mixture of claim 4303, wherein the condensable hydrocarbons further 

25 comprise oxygenated hydrocarbons/ and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

43 1 8. The mixture of claim 4303 further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 

30 5 % by weight of tfie non-condensable hydrocarbons comprises H2. 

I 
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43 19. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4320. The mixture of claim 4303, further comprisingjnon-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than about 0.3. 

4321 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less/than about 15 % by weight of the 

condensable hydrocarbons have a carbon numoer greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is le/s than about 10 % by weight of the 
condensable component. 

4322. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein af weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4323. The mixture of claim 4321 7 wherein the condensable hydrocarbons further 
comprise olefins, and wherein abmit 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 4324. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of etmene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 



4325. The mixture of claim 4321, wherein the condensable hydrocarbons further 
30 comprise nitrogen, and wherefin less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4326. The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4327. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4328. The mixture of claim 4321 , wherein the/fcondensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and whereir/ the oxygen containing compounds comprise 
phenols. 

4329. The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4330. The mixture of claim 432 1/ wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4331. The mixture of claim 482 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4332. The mixture of claim 4321 , wherein the condensable hydrocarbons further 
comprise cycloalkanes, and! wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4333. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
hydrogen is about 10 % by volume to about 80 % by volum^ of the non-condensable 
hyd rocarbo ns. 

4334. The mixture of claim 4321, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 
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4335. The mixture of claim 4321, further comprisiijg ammonia, and wherein the 
10 ammonia is used to produce fertilizer. 

4336. The mixture of claim 4321, wherein aboj/t 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 



15 4337. The mixture of claim 432 1 , wherein 
condensable component comprises olefins. 



(bout 0. 1 % to about 2 % by weight of the 



4338. The mixture of claim 4321, wherein the condensable component further 
jlj comprises oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of 

I s " 20 the condensable component comprises oxygenated hydrocarbons. 



25 



4339. The mixture of claim 432 1 , wMerein the condensable component further 
comprises oxygenated hydrocarbonsjand wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4340. The mixture of claim 432 1 ,/further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydilbcarbons comprise H 2 > and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4341 . The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4342. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4343. A mixture produced from a portion of a coaK formation, comprising: 
condensable hydrocarbons, wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensable hydrocarbons! further comprise aromatic compounds, 
wherein more than about 20 % by weight of/the condensable hydrocarbons comprises 
aromatic compounds. 

4344. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4345. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4346. The mixture of claim 43€3, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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4347. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. \ 



5 4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4349. The mixture of claim 4343, wherein the condensable hydrocarbons further 
10 comprise sulfur, and wherein less than about 1 %/by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4350. The mixture of claim 4343, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

P / 

s p 15 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

m / 

wherein the oxygen containing compounds comprise phenols. 

/ 



4351 . The mixture of claim 4343, wherein the condensable hydrocarbons further 

/ 

comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
20 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4352. The mixture of claim 4343, ^herein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 



hydrocarbons are asphaltenes. 



4353. The mixture of claim 434^', wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4354. The mixture of claim 43.43, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
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hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 



/ 



4355. The mixture of claim 4343, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4357. The mixture of claim 4343, whereiA the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 yo to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4358. The mixture of claim 4343, wnerein the condensable hydrocarbons further 
comprises olefins, and wherein aboyt 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 

4359. The mixture of claim 434G, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons comprises multi-ring aromatic compounds. 



4360. The mixture of claim #343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons aomprises oxygenated hydrocarbons. 



436 1 . The mixture of claifri 
oxygenated hydrocarbons 
condensable component 



4343, wherein the condensable hydrocarbons comprises 
and wherein greater than about 25 % by weight of the 
comprises oxygenated hydrocarbons. 
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4362. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4363. The mixture of claim 4343, further comprising nc/n-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4364. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4365. A mixture produced from a portioryof a coal formation, comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H 2 , wherein greater 
than about 15 % by weight of the noiycondensable hydrocarbons comprises H 2 ; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4366. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, ani wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rang es from about 0.001 to about 0.15. 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen./ 

4368. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % byXveight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4369. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 Vo by weight, when calculated on an 
atomic basis, of the condensable hydrocarbon^ is sulfur. 

4370. The mixture of claim 4365, whereir/ the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons/comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4371. The mixture of claim 4365, Wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-rin^ aromatics with more than two rings. 

4372. The mixture of claim 43 
asphaltenes, and wherein less th 
hydrocarbons are asphaltenes. / 

4373. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



wherein the condensable hydrocarbons comprise 
about 0.3 % by weight of the condensable 



\ 
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4374. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 1 0 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 

" — ^ 

4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4377. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 

4378. The mixture of claim 4365, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 



4379. The mixture of claim 4365/ wherein about 0.1 % to about 2 % by weight of the 
20 condensable hydrocarbons comprises olefins. 

4380. The mixture of claim 4365, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

25 438 1 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 



4382. A mixture produced from a portion of a coal formation, comprising: 
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condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; ^ 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated Hydrocarbons; 

olefins, wherein less than about 10 % joy weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greatfer than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 



4383. The mixture of claim 4382, wherein the non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numfcers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon numbers from 2 through 4, to methane, is greater 
than approximately 1 . 

4384. The mixture of claim 4382, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4385. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4386. The mixture of claim 4382, 
comprise oxygen, and wherein less 
atomic basis, of the condensable hydrocarbons 



herein the condensable hydrocarbons further 
1 han about 1 % by weight, when calculated on an 
is oxygen. 
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4387. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. / 



4388. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein abouyS % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise/phenols. 

4389. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less/than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4390. The mixture of claim 4382, whereirythe condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4391 . The mixture of claim 4382, wbferein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4392. The mixture of claim 438£, wherein greater than about 10 % by volume and less 
than about 80 % by volume of tme non-condensable hydrocarbons is hydrogen. 

4393. The mixture of claim 4382, further comprising ammonia, and wherein greater 
than about 0.05 % by weight pf the produced mixture is ammonia. 

4394. The mixture of claim 4382, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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4395. The mixture of claim 4382, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

/ 

4396. The mixture of claim 4382, wherein about 0.1 J/o to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 

4397. The mixture of claim 4382, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4398. The mixture of claim 4382, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 % by weight to about 15 % by weight of the 

condensable mixture comprises olefins; 

oxygenated hydrocarbons, \Vnerein less than about 1 5 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 

asphaltenes, wherein less /han about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 

4400. The mixture of claim 4399, wherein the condensable mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 1 5 weight % of tjfte hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



4401. The mixture of claim 4399, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 
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4402. The mixture of claim 4399, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to etljWie in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4403. The mixture of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, wjien calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

10 4404. The mixture of claim 4399, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4405. The mixture of claim 4399, wherein tl(e condensable mixture further comprises 
15 sulfur, and wherein less than about 1 % by yeight, when calculated on an atomic basis, of 
the condensable mixture is sulfur. 



4406. The mixture of claim 4399, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
20 the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



4407. The mixture of claim 4399,/wherein the condensable mixture further comprises 
aromatic compounds, and wherein' greater than about 20 % by weight of the condensable 

25 mixture are aromatic compounds/ 

i 

4408. The mixture of claim 4399, wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

30 
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4409. The mixture of claim 4399, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 



4410. The mixture of claim 4399, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than^about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 1 . The mixture of claim 4399, further Comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4412. The mixture of claim 4399, fyrther comprising ammonia, and wherein the 
ammonia is used to produce fertilis 

4413. The mixture of claim 4399, wherein about 0. 1 % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 

4414. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 % by weight to about 2 % by weight of the 

condensable mixture comprises olefins; 

multi-ring aromaracs, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 



4415. The mixture of claim 4414, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 
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4416. The mixture of claim 4414, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. ■ 



4417. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, wh^n calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 
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4418. The mixture of claim 4414, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight/ when calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 



4419. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 



oxygen containing compounds comprise nnenols. 



/ 



4420. The mixture of claim 4414, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 



25 



442 1 . The mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



4422. The mixture of claim 4414, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons are cycloalkanes 



30 4423. The mixture" of claim 
about 0.05 % by weight of the 



4414, further comprising ammonia, wherein greater than 
produced mixture is ammonia. 
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4424. The mixture of claim 4414, further comprising afnmonia, wherein the ammonia is 
used to produce fertilizer. / * 

4425. A mixture produced from a portion of a coal formation, comprising: 
non-condensable hydrocarbons and H2, wherein greater than about 1 0 % by 

volume of the non-condensable hydrocarbonsand H2 comprises H2; 

ammonia and water, wherein greater/han about 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 
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4426. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon ^umbers from 2 through 4, to methane, in the mixture 
is greater than approximately 1 . 

4427. The mixture of claim 44^5, wherein greater than about 0.1 % by weight of the 
condensable hydrocarbons, ana wherein less than about 15% by weight of the 
condensable hydrocarbons are olefins. 

4428. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise ethene and ethanp, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4429. The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 



4430. The mixture of claim 4425, wherein less than about 1 % by weight, when 
30 calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4432. The mixture of claim 4425, wherein about 5f% by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4433. The mixture of claim 4425, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4434. The mixture of claim 4425, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4435. The mixture of claim 4425, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4436. The mixture of claim 4425, Wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4437. The mixture of claim 4425, wherein the H 2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4438. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 

4439. The mixture of claim/4425, wherein the ammonia is used to produce fertilizer. 

4440. The mixture of clairii 4425, wherein less than about 5 % of the condensable 
hydrocarbons have carbon/numbers greater than 25. 
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4441. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 1 5 % by weight of t}ie condensable hydrocarbons 
comprise olefins. 

4442. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of me condensable hydrocarbons comprise 
olefins, and wherein less than about 10 % by weight of the condensable hydrocarbons 
comprise olefins. 

4443. The mixture of claim 4425, wherein/ the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4444. .The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4445. A method of treating a coal formation in situ comprising providing heat from 
three or more heat sources to at least a portion of the formation, wherein three or more of 
the heat sources are located in the formation in a unit of heat sources, and wherein the 
unit of heat sources comprises a triangular pattern. 

4446. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of Jthe units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4447. The method of claim 44|45, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 
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4448. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of uhits, wherein three or more 
production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the fontiation in a unit of production wells, 
and wherein the unit of production wells comprisesya triangular pattern. 
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4449. The method of claim 4445, wherein three or more of the heat sources are located 
10 in the formation in a plurality of the units, wherein the plurality of units are repeated over 

an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located m the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 

15 

4450. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of theninits, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 

20 the plurality of units, wherein the three or more production wells are located in the 

formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and' wherein the first triangular pattern is substantially different 

25 than the second triangular pattern. 



445 1 . The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 



an area of the formation to 



form a repetitive pattern of units, wherein three or more 



30 monitoring wells are located within an area defined by the plurality of units, wherein the 
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three or more monitoring wells are located in the formation in a unit of monitoring wells, 
wherein the unit of monitoring wells comprises a triangular pattern. 

4452. The method of claim 4445, wherein a production wety is located in an area 
defined by the unit of heat sources. 

4453. The method of claim 4445, wherein three or more/of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 

4454. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than about 20/%. 

4455. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources is approximately equal. 



4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 



4457. The method of claim 4445, wherein the heated portion comprises a substantially 
uniform temperature distribution. 

4458. The method of claim 4445, wherein/the heated portion comprises a substantially 
uniform temperature distribution, and wherein a difference between a highest temperature 
in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. 

4459. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattera and a temperature at a center of the triangular pattern are 
approximately equal. 
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4460. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wheipn the initial period of time 
comprises less than approximately 3 months. 
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4461 . The method of claim 4445, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 

10 of the heated portion to the selected temperature with/a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in the triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 

4462. The method of claim 4445, wherein a time required to increase a temperature at a 
15 coldest point within the heated portion to a selected temperature with the triangular 

pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated portioryto the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal tp a space between each of the heat sources in 
20 the hexagonal pattern. 



4463. The method of claim 4445, whdrein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
25 at the coldest point within the heated/portion to the selected temperature with a hexagonal 
pattern of heat sources, and whereinf a number of heat sources per unit area in the 
triangular pattern is equal to the nupiber of heat sources per unit are in the hexagonal 
pattern of heat sources. 



30 4464. The method of claim 444p, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than g/space between each of the heat 
sources in the hexagonal pattern. 

4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from three or more of the heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein heat from 
three or more of the heat sources pyrolyz^ at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating c£nergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 
10°C/day. 

4466. The method of claim 4^45, wherein three or more of the heat sources comprise 
electrical heaters. 

4467. The method of claimf 4445, wherein three or more of the heat sources comprise 
surface burners. 

4468. The method of claim 4445, wherein three or more of the heat sources comprise 
flameless distributed combustors. 



4469. The method of claim 4445, wherein three or more of the heat sources comprise 
natural distributed combustors. 
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4470. The method of claim 4445, further comprising: 

allowing the heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
producing a mixture of fluids from the formation. 



4471 . The method of claim 4470, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or tl}/ temperature is controlled as a function of 
pressure. 



4472. The method of claim 4470, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0° C per day during 
pyrolysis. 



4473. The method of claim 4470,/wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. 

4474. The method of claim 4470, wherein providing heat from three or more of the heat 
sources to at least the portion jf the formation comprises heating the selected section 
such that a thermal conductivity of at least a portion of the selected section is greater than 
about 0.5 W/m °C. 

4475. The method of claim 4470, wherein the produced mixture comprises an API 
gravity of at least 25°. 



4476. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 
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4477. The method of claim 4470, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ether^ to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 6.15. 

4478. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigfyf, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



4479. The method of claim 4470, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by ^veight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygenj 

4480. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/p by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sul| 

4481 . The method of claim 4470, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols 



25 



4482. The method of claim 4470, whetein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thap about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 

4483. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4484. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 

4485. The method of claim 4470, wherein the produced mikture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abouj30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4486. The method of claim 4470, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is les/ than about 80 % by volume of the non- 
condensable component. 

15 4487. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %py weight of the produced mixture is ammonia. 
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4488. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used tcv produce fertilizer. 

4489. The method of claim 4470, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and Hb, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 



25 4490. The method of claim 4470, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



4491 . The method of claim 4470, further comprising controlling formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 
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4492. The method of claim 4470, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and | 

heating a portion of the section with heat from hydrogejiation. 

4493. The method of claim 4470, further comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

4494. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 



5° = 

]l" 15 4495. The method of claim 4470, whereii/allowing the heat to transfer from three or 
«AI " / 

^ more of the heat sources to the selected section of the formation comprises substantially 

q / 

*j- uniformly increasing a permeability of a/majority of the selected section. 

ill / 

13 4496. The method of claim 4470, fuirher comprising controlling the heat from three of 

^ 20 more heat sources to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 



4497. The method of claim 4470, wherein producing the mixture comprises producing 
the mixture in a production well/ and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

4498. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

30 sources comprises a triangular pattern. 
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4499. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein threeyir more of the heat 
sources are located in the formation in a unit of heat sources, wl/erein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4500. A method for in situ production of synthesis gas/rom a coal formation, 
comprising: 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fljdid to the section to generate synthesis gas; 

and 

removing synthesis gas from the formation. 

4501 . The method of claim 4500, wherein the permeability of the section is greater than 
about 1 00 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. 

4502. The method of claim 4500, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4503. The method of claim 45G0, further comprising heating the section when providing 
the synthesis gas generating flujd to inhibit temperature decrease in the section due to 
synthesis gas generation. 



4504. The method of claim 4500, wherein heating the section comprises convecting an 
oxidizing fluid into a portion/of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
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oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section. 

4505. The method of claim 4504, wherein the oxidizing fluid comprises air. 
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4506. The method of claim 4505, wherein an amount of th&Wdizing fluid convected 
into the section is configured to inhibit formation of oxides/of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 

4507. The method of claim 4500, wherein heating me section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, wherein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
section comprises introducing steam into /he section to heat the formation and to generate 
synthesis gas. 



25 



4510. The method of claim 4500, further comprising controlling the heating of the 
section and provision of the synthesis/gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 



30 



45 1 1 . The method of claim 4500, further comprising: 

monitoring a composition of the produced synthesis gas; and 

controlling heating of the section and provision of the synthesis gas generating 

fluid to maintain the 'composition of the produced synthesis gas within a selected range. 



\ 
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4512. The method of claim 45 1 1 ? wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. 



45 13. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
liquid water. 

4514. The method of claim 4500, wherein the synthesi^gas generating fluid comprises 
steam. 

45 1 5. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the^section. 



45 1 6. The method of claim 45 1 5, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

45 1 7. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



45 1 8. The method of claim 45 1 7, wherein a portion of the carbon dioxide within the 

/ 

synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



45 19. The method of claim 4500, wherein providing the synthesis gas generating fluid 

to the section comprises raising a water table of the formation to allow water to flow into 

/ 

the section. 



4520. The method of claim 4500,^wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
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promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 

4521. The method of claim 4520, wherein the substantial^ constant temperature is 

5 about 700 °C, and wherein the selected composition has a/H2 to CO ratio of about 2:1. 

4522. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers lessyihan 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reacjaon within the section to increase a H2 

10 concentration of the generated synthesis gas. 



4523. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
V= portion of the hydrocarbons react within the section to increase an energy content of the 

15 synthesis gas removed from the formation/ 



V. . 
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! « formation during synthesis gas generation, and passing produced synthesis gas through a 
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4524. The method of claim 4500, further comprising maintaining a pressure within the 
formation during synthesis ga< 
turbine to generate electricity. 



4525. The method of claim 4500/ further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4526. The method of claim 45i)0, further comprising generating electricity from the 
25 synthesis gas using a fuel cell,/separating carbon dioxide from a fluid exiting the fuel cell, 

and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4527. The method of claim|4500, further comprising using a portion of the synthesis gas 
30 as a combustion fuel to heat the formation. 
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4528. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process^ 

5 4529. The method of claim 4500, further comprisin^/fconverting at least a portion of the 
produced synthesis gas to methanol. 
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4530. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

453 1 . The method of claim 4500, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic Aiethanation process. 

4532. The method of claim 4500, former comprising providing heat from three or more 
heat sources to at least a portion of the/ formation, wherein three or more of the heat 
sources are located in the formation p a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patte 

4533. The method of claim 4500, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formationAo form a repetitive pattern of units. 



25 4534. A method of treating a coal formation in situ, comprising: 

providing heat froi^ one or more heat sources to at least a portion of the 
formation; 

allowing the heat io transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase a temperature of the 
30 portion to a temperature sufficient to allow synthesis gas generation; 
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providing a synthesis gas generating fluid to at least the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and 

producing synthesis gas from the formation. 

4535. The method of claim 4534, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °(/to about 1200 °C. 



m 

■P 

m 

ii 

a 

s|t3 

111 



10 4536. The method of claim 4534, further comprising using a second portion of the 

separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 
coal formation. 

4537. The method of claim 4536, wherein the coal formation is a deep coal formation 
15 over 760 m below ground surface. 

4538. The method of claim 4536, wherein the coal formation adsorbs some of the 
carbon dioxide to sequester the carbon dioxide. 

20 4539. The method of claim 4534/further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 



25 



4540. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 



4541. The method of claim ft534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons havifng carbon numbers greater than 4, and wherein at least a 



30 portion of the hydrocarbons 



react within the selected section to increase an energy 



content of the produced synthesis gas 
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4542. The method of claim 4534, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4543. The method of claim 4534, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4544. The method of claim 4534, further comprising generating electricity from the 

10 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4545. The method of claim 4534, further comprising using a portion of the synthesis gas 
15 as a combustion fuel for heating the formation. 



•p 
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4546. The method of claim 4534/further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4547. The method of claim 4534, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 



4548. The method of claim 4534, further comprising converting at least a portion of the 
25 produced synthesis gas to/gasoline. 

4549. The method of aaim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

455 1 . The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater thafn approximately 700 °C to produce 
a synthesis gas having a ratio of H 2 to carbon monoxide of less than about 2. 

4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximately 2. 

4553. The method of claim 4534, wherejo a heat source of the one or more of heat 
sources comprises an electrical heater. 

4554. The method of claim 4534, wl/erein a heat source of the one or more heat sources 
comprises a natural distributor heate^ 

4555. The method of claim 4534/ wherein a heat source of the one or more heat sources 
comprises a flameless distributor/combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of tpe FDC heater through a conduit positioned within the 
wellbore. 

4556. The method of claim 4534, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4557. The method of claim 4534, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the 



formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4558. A method of in situ synthesis gas production, comprising: 
5 providing heat from one or more flamel^s distributed combustor heaters to at 

least a first portion of a coal formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the <^ne or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
10 section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the selected section to generate 



jjjjj synthesis gas; and 

4 : removing synthesis gas from the formation. 



jjj 15 4559. The method of claim 4558, wherein the one or more heaters comprise at least two 
* heaters, and wherein superposition of heat from at least the two heaters substantially 

uniformly increases a permeability of the selected section, and raises a temperature of the 



selected section to a temperature sufficient to generate synthesis gas. 



20 4560. The method of claim 4558, further comprising producing the synthesis gas from 

/ 

the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4561 . The method of c^laim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 



4562. The method o^ claim 4558, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
30 portion of the formation. 
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4563. The method of claim 4558, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater tji^n an amount of carbon dioxide 
within the removed synthesis gas. 



4564. The method of claim 4558, further comprising separating a portion of H2 from the 
removed synthesis gas; and using a portion of ^ne separated H2 as fuel for the one or more 
heaters. 
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10 4565. The method of claim 4564, further/comprising using a portion of exhaust products 
from one or more heaters as a portion ofvthe synthesis gas producing fluid 

4566. The method of claim 4558, fuither comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

15 

4567. The method of claim 4566/ wherein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4568. The method of claim 4366, wherein the fuel cell produces carbon dioxide, and 
20 wherein a portion of the carbon dioxide is introduced into the formation to react with 

carbon within the formation to produce carbon monoxide. 



4569. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbcm dioxide within a spent portion of the formation equal or 
25 greater to an amount of the carbon dioxide produced by the fuel cell. 



4570. The method of claim 4558, further comprising using a portion of the removed 
synthesis gas as a feed product for formation of hydrocarbons. 
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4571 . The method of claim 4558, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 

4572. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit ofiiieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4573. The method of claim 4558, furtherycomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern; and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4574. A method of treating a coal formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 
temperature sufficient to pyrolVze hydrocarbons within the portion; 
producing pyrolyzation fluid from the formation; 
separating a fuel cell teed stream from the pyrolyzation fluid; and 
directing the fuel ceLl feed stream to a fuel cell to produce electricity; 

4575. The method of claim 4574, wherein the fuel cell is a molten carbonate fuel cell. 

4576. The method of cpim 4574, wherein the fuel cell is a solid oxide fuel cell. 

4577. The method of claim 4574, further comprising using a portion of the produced 
electricity to power the electrical heaters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portionA 

4579. The method of claim 4574, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less thsin 5. 

4580. The method of claim 4574, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. 

458 1 . The method of claim 4574, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4582. The method of claim 4574, wherein the hydrogenation is done in situ by directing 
the H2 into the formation. / 

4583. The method of claim 4574, wherein the hydrogenation is done in a surface unit. 

4584. The method of claim 4o74, further comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons/to produce H2, and producing a portion of the hydrogen from 
the formation. / 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 
adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4586. The method or claim 4574, further comprising storing CO2 from the fuel cell 
within the formation./ 



i 
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4587. The method of claim 4586, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 



4588. The method of claim 4574, further comprising cooling the portion to form a spent 
5 portion of formation. 



4589. The method of claim 4588, wherein cooling the portion comprises introducing 
water into the portion to produce steam, ana removing steam from the formation. 



4: 



4: 

m 



■F 

III 

•F 

Q 



10 4590. The method of claim 4589, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4591. The method of claim 4589, further comprising using a portion of the removed 
steam as a synthesis gas producing fjuid in a second portion of the formation. 

15 

4592. The method of claim 4574,/further comprising: 
heating the portion to a temperature sufficient to support generation of synthesis 

gas after production of the pyrol^pation fluids; 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
20 gas; and 

removing a portion of the synthesis gas from the formation. 



4593. The method of claim 4592, further comprising producing the synthesis gas from 
the formation under pressure/ and generating electricity from the produced synthesis gas 
25 by passing the produced synthesis gas through a turbine. 



4594. The method of claim 4592, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 



30 4595. The method of cla 
the fuel cell, and using the 



4592, further comprising producing steam from operation of 
steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 



/ i 

/ i 



4597. The method of claim 4592, further comprising using a portion of the synthesis gas 
to produce hydrocarbon product. 



Q 

m 



■p 

m 



rj 

r 

SStB 
ill 
• P 

13 



10 



15 



20 



4598. The method of claim 4592, further comprising cooling the portion to form a spent 
portion of formation. 

4599. The method of claim 4598, whereiiycooling the portion comprises introducing 
water into the portion to produce steam, ajid removing steam from the formation. 

4600. The method of claim 4599, furtHer comprising using a portion of the removed 
steam to heat a second portion of the $>rmation. 

4601 . The method of claim 4599, fhrther comprising using a portion of the removed 
steam as a synthesis gas producing/fluid in a second portion of the formation. 

4602. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



30 



4603. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4604. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one/or more heat sources to a selected 
section of the formation such that the heat fromythe one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selec/ed section to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthfesis gas from the formation. 

4605. The method of claim 4604, wnerein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



20 4606. The method of claim 4604, further comprising allowing the heat to transfer from 
the one or more heat sources to/the selected section to substantially uniformly increase a 
permeability of the selected section. 

4607. The method of claim W604, further comprising controlling heat transfer from the 
25 one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 



30 



4608. The method of claifn 
selected section when proA 
decrease within the selected 



4604, further comprising heating at least the portion of the 
iding the synthesis gas generating fluid to inhibit temperature 
section during synthesis gas generation. 



Conley, Rose & Tayon, P C. 



m 

IX) 




10 



4609. The method of claim 4604, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4610. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or moie heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of jiydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with a/least a portion of the hydrocarbon 
material within the zones to produce heat in the iones; and 

transferring heat from the zones to the selected section. 



ill 



15 461 1 . The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into^the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 

selected section, wherein the portion of the selected section is at a temperature sufficient 

/ 

20 to support an oxidization reaction witft the oxidizing fluid; and 

reacting the oxidizing fluid \ythin the portion of the selected section to generate 
heat and raise the temperature of the portion. 



4612. The method of claim 4604/ wherein the one or more heat sources comprise one or 
25 more electrical heaters disposed in the formation. 

/ 

4613. The method of claim 46^04, wherein one or more heat sources comprise one or 
more heater wells, wherein at jeast one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 

30 the conduit. 
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4614. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow syntliesis gas generation and providing a 
synthesis gas generating fluid to at least the potion of the selected section comprises 
introducing steam into the portion. 

4615. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4616. The method of claim 4604, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of at least pe portion of selected section and provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. 

4617. The method of claim 4604/ wherein the synthesis gas generating fluid comprises 
liquid water. 

4618. The method of claim 4g04, wherein the synthesis gas generating fluid comprises 
steam. 

4619. The method of claim/4604, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4620. The method of clMm 461 9, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4621. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5 4622. The method of claim 462 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



4623. The method of claim 4604, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the At least the portion of the selected section. 
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4624. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 

15 selected section to increase a H2 concentration within the produced synthesis gas. 

4625. The method of claim 4604 J wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons reactf within at least the portion of the selected section to 

20 increase an energy content of the produced synthesis gas. 



25 



4626. The method of claim 4604, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity/ 

4627. The method of claim 4604, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4628. The method of claim 
30 synthesis gas using a fuel (fell 



4604, further comprising generating electricity from the 
, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



4629. The method of claim 4604, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4630. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

463 1 . The method of claim 4604, further jtomprising converting at least a portion of the 
produced synthesis gas to methanol. 

4632. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4633. The method of claim 4604, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4634. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formatio^ in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4635. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion 6f the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular p; 
over an area of the formation to 



ttern, and wherein a plurality of the units are repeated 
brm a repetitive pattern of units. 
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4636. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

heating a first portion of the formatioi$o pyrolyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from o^e or more heat sources to a selected section 
of the formation, 

pyrolyzing hydrocarbons within the selected section; 

producing fluid from the first potion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of th^ formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at least a portio/i of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4637. The method of claim 4636, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4638. The method of claim/4636, further comprising separating ammonia within the 
aqueous phase from the aqueous phase prior to introduction of at least the portion of the 
aqueous fluid to the second section. 

4639. The method of claim 4636, wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 
temperature sufficient to/ allow synthesis gas generation is achieved. 



4640. The method of claim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 



section to inhibit temp* 
generation. 



:rature decrease in the second section due to synthesis gas 
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4641 . The method of claim 4636, wherein hewing the second portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation erf carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fljiid with carbon in the portion to generate 
heat within the portion. 



4642. The method of claim 4636, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the/reaction zones to generate heat, and transferring 
the heat to the second portion. 



4643. The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the second section by transfer of heat from one or more electrical 
heaters. 

4644. The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 

4645. The method of claim 4636, wherein heating the second portion of the formation 
tao comprises injecting steam into at least the portion of the formation. 



4646. The method of claim 4636, wherein at least a portion of the aqueous fluid 

/ 

comprises a liquid phase.^ 

ae method of claim 4636, wherein the aqueous fluid comprises a vapor phase. 

1 

4648. The method of claim 4636, further comprising adding carbon dioxide to at least 
the portion of aqueous jfluid to inhibit production of carbon dioxide from carbon within 
the formation. 
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4649. The method of claim 4648, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



4650. The method of claim 4636, further comprising adding hydrocarbons with carbon 
5 numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 

concentration within the produced synthesis gas. 

465 1 . The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portioryof the aqueous fluid to increase a H 2 

10 concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. / 



4652. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
5-« to at least the portion of the aqueous fluid to increase energy content of the produced 



jj^ 15 synthesis gas. 
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4653. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 



p synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 



4654. The method of claim 4636, further comprising maintaining a pressure within the 

formation during synthesis gas generation, and passing produced synthesis gas through a 

/ 

turbine to generate electricity. 

25 4655. The method of clai/n 4636, further comprising generating electricity from the 
synthesis gas using a fueycell. 

/ 

4656. The method of claim 4636, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
30 and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 
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4657. The method of claim 4636, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

J 

4658. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 



m 
■P 



4659. The method of claim 4636, furthey comprising converting at least a portion of the 
10 produced synthesis gas to methanol. 

4660. The method of claim 4636, fur/her comprising converting at least a portion of the 
produced synthesis gas to gasoline. 



I! 

.p 

■E 
CI 



1 5 4661 . The method of claim 4636, /further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4662. The method of claim 4656, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
20 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4663. The method of claim/4636, further comprising providing heat from three or more 
heat sources to at least a poraon of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4664. A method for in s|tu production of synthesis gas from a coal formation, 
30 comprising: 
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heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability ^ithin a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; / 

providing a synthesis gas generating fluid into the portion through at least one 
injection wellbore to generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and / 

producing synthesis gas from at least one heat source wellbore in which is 
positioned proximate to a heat source of tfte one or more heat sources. 

4665. The method of claim 4664, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4666. The method of claim 4664, wherein creating a substantially uniform permeability 
comprises heating the portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. / 

4667. The method of claim 4664, further comprising removing fluid from the formation 
through at least the one injection wellbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 

4668. The method of claim 4664, wherein the injection wellbore comprises a wellbore 
of a heat source in which is positioned a heat source of the one or more heat sources. 

4669. The method of clMm 4664, further comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 
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4670. The method of claim 4664, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. 

4671. The method of claim 4664, further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
temperature within the selected section aboveyfhe temperature sufficient to generate 
synthesis gas. / 

4672. The method of claim 4664, furthe/ comprising: 
monitoring a composition of the/produced synthesis gas; and 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the produced synthesis gas within a 
desired range. / 

4673. The method of claim 4664/ wherein the synthesis gas generating fluid comprises 
liquid water. / 

4674. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
steam. / 

4675. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

4676. The method of clairro 4664, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 



4677. The method of claim 
carbon dioxide removed 



from 



4676, wherein a portion of the carbon dioxide comprises 
the formation. 



V 
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4678. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. k 

r 



4679. The method of claim 4678, whereir/a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raiding a water table of the formation to allow water to 
enter the selected section. 

4681. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 

4682. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 

j 

I 

4683. The method of claim 4664, further comprising maintaining a pressure within the 

formation during synthesis gas generation, and passing produced synthesis gas through a 

/ 

turbine to generate Electricity. 

! 

j 

4684. The method of claim 4664, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

I 

4685. The method of claim 4664, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4686. The method of claim 4664, further comprising using a portion of the synthesis gas 
5 as a combustion fuel for heating the formation. 



10 
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4687. The method of claim 4664, furthp comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4688. The method of claim 4664, $irther comprising converting at least a portion of the 
produced synthesis gas to methanol 

4689. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4690. The method of claim 4664, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4691 . The method of clairry 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 



4692. The method 
25 wellbore is maintained at 
a synthesis gas having a 



of clajm 4664, wherein a temperature of at least the one heat source 
a temperature of greater than approximately 700 °C to produce 
ifatio of H2 to carbon monoxide of less than about 2. 



4693. The method 
wellbore is maintained ai 
30 gas having a ratio of H2 



of cl&im 4664, wherein a temperature of at least the one heat source 
a temperature of approximately 700 °C to produce a synthesis 
carbon monoxide of approximately 2. 
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:ein a heat source of the one or more heat sources 



4694. The method of claim 4664, whe 
comprises an electrical heater. 



4695. The method of claim 4664, wherein a heat source of the one or more heat sources 
5 comprises a natural distributor heater. 

4696. The method of claim 4664, woerein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FipC heater through a conduit positioned within the 

10 wellbore. 



4697. The method of claim 4664, /further comprising providing heat from three or more 
heat sources to at least a portion oflthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4698. The method of claim 466 
heat sources to at least a portion df the 
sources are located in the formation 
sources comprises a triangular pattern 
over an area of the formation to 



, further comprising providing heat from three or more 
formation, wherein three or more of the heat 
in a unit of heat sources, wherein the unit of heat 
, and wherein a plurality of the units are repeated 
a repetitive pattern of units. 



fcrm 



4699. A method of treating a coal formation in situ, comprising: 

providing heat from one or rrjore heat sources to at least a portion of the 
formation; 

Ix from the one or more heat sources to a selected 
thgft the heat from the one or more heat sources pyrolyzes at 
material within the selected section of the formation; 
lets from the formation; 
heating a first portiori of a formation with one or more heat sources to a 
temperature sufficient to aljpw generation of synthesis gas; 



allowing the heat to ti 
section of the formation sucl 
least a portion of hydrocarb< 

producing pyrolysis 
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providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; 

removing a portion of thk first synthesis gas from the formation; 

heating a second portion of a formation with one more heat sources to a 
temperature sufficient to alfow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 to CO ratio/of the first synthesis gas; 

providing a second syntjaesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas from the formation; and 

blending a portion of the first synthesis gas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 



700. The methpdW claim 4699, wherein the one or more heat sources comprise at 
least two heat soured, andiwherein superposition of heat from at least the two heat 
sources pyrolyzes^^tje^sf some hydrocarbons within the selected section of the 
formation. 



20 



4701 . The method of clakn4^99, wherein the first synthesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 

4702. The method of claim/4699, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 



4703. The method/ 
25 second portion to 



of claim 4699, further comprising controlling the temperature in the 
qontroVa composition of the second synthesis gas. 



4704. The method 



4699, wherein the selected ratio is controlled to be 



approximately 2:1 Hvto CO. 



30 4705. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H^to CO. 
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4706. The method of claim 4699, wherein thl selected ratio is controlled to be 
approximately 3:1 H2 to CO. 

4707. The method of claim 4699, wherein/the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:A H2to CO. 

4708. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 

4709. The method of claim 4708/wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tro^sch process. 

4710. The method of claim 4709, further comprising cracking at least a portion of the 
condensable hydrocarbons to/form middle distillates. 



4711. The method of cl 
produced blended syntne; 



4699, further comprising providing at least a portion of the 
is gas to a catalytic methanation process to produce methane. 



4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended/synpesis gas t<^a methanol-synthesis process to produce methanol. 

4713. The methody5fdaim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 



4714. The metl/od of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at/ a substantially constant temperature configured to produce second 
synthesis gas having the H 2 to CO ratio greater the first synthesis gas. 
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4715. The method of claim 4699 5 wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperat/ure of the first portion is at a temperature that 
will result in conversion of CO2 and carpon from the first portion to CO to generate a CO 
rich first synthesis gas. 



10 



4716. The method of claim 4699, wMerein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H2 
concentration within the produced/second synthesis gas. 



fflH 
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4717. The method of claim 4699, wherein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H2 to CO mixture oyless than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction to/reduce an amount of CO and increase an amount of H2 to 
produce the selected ratio qr\H2 to CO. 

471 8. The method or claim 4699, further comprising removing an excess of first 
synthesis gas from me first portion to have an excess of CO, subjecting the first synthesis 



gas to a shift reactiop 
blending the first sy 



p reduce an ^mount of CO and increase an amount of H2 before 
lesis gas the second synthesis gas. 



25 



4719. The method ofclaim 4699, further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 



30 



4720. The method ofclaim 4699, further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 
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472 1 . The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fiiel cell. 

4722. The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated parbon dioxide within a spent portion of 
the formation. 

4723. The method of claim 4699, further comprising using at least a portion of the 
blended synthesis gas as a combustion fueyfor heating the formation. 

4724. The method of claim 4699, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4725. The method of claim 4699, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 



4726. The method of clai 
selected section when prq 
decrease within the selec 




), further comprising heating at least the portion of the 
esis gas generating fluid to inhibit temperature 
ng synthesis gas generation. 



4727. The method of claim 4699, wherein the temperature sufficient to allow synthesis 
gas generation is within arrange from approximately 400 °C to approximately 1200 °C. 



4728. The method of claim 4699, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heay in the zones; and 
transferring heat from the zones to the selected section. 

4729. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient w allow synthesis gas generation comprises: 

heating zones adjacent to wellbdres of one or more heat sources with heaters 
disposed in the wellbores, wherein the neaters are configured to raise temperatures of the 
zones to temperatures sufficiently suppoiyfeaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to/produce heat in the zones; and 
transferring heat from the pnes to the selected section. 

4730. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizin^fluid substantially by convection into the first portion 
of the selected section, wherein uie first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing Mid within the first portion of the selected section to 
generate heat and raise the Mnp^ture of the first portion. 

473 1 . The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxi< 
portion of the selected sect 
temperature sufficient to su' 

reacting the oxidizi: 




g fluid substantially by convection into the second 
yherein the second portion of the selected section is at a 
idization reaction with the oxidizing fluid; and 
within the second portion of the selected section to 



generate heat and raise the Temperature of the second portion. 




4732. The method of claimM699, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



733. The method ofclaim 4699, wherein the one or more heat sources comprises one 



isMbutor 



or more natural disMbutor combustors. 

4734. The method of claim 4699, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



4735. The method of claim 469/9, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 



4736. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
generating paid to the second portion of the selected section 
fnto the second portion. 



second synthesis g; 
comprises introducing 



4737. The method of claim 4699, further comprising controlling the heating of the first 
portion of selected ^ection and provision of the first synthesis gas generating fluid to 
maintain a temperafture within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4738. The method of claim 4699, further comprising controlling the heating of the 
second portion of selected section and provision or the second synthesis gas generating 
fluid to maintain a temperature within the second /portion of the selected section above 
the temperature sufficient to generate synthesis gas. 

4739. The method of claim 4699, wherein the/first synthesis gas generating fluid 
comprises liquid water. 



l» 
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10 4740. The method of claim 4699, wherein /he second synthesis gas generating fluid 
comprises liquid water. 

4741 . The method of claim 4699, wherpin the first synthesis gas generating fluid 
comprises steam. 



15 



4742. The method of claim 7 4699, y^nerein the second synthesis gas generating fluid 
comprises steam. 

4743. The method of claim 4699( wherein the first synthesis gas generating fluid 



20 comprises water and carb 
carbon dioxide from the se 1 



n dioxide, Wherein the carbon dioxide inhibits production of 
ection. 



25 



4744. The method of claim 4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating/ fluid comprises carbon dioxide removed from the 
formation. 



4745. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 



30 
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4746. The method of claim 4745, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon /lioxide removed from the 
formation. 



4747. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of tjiie carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carpon dioxide removed from the 
formation. 

4749. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a pomon of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluip comprises carbon dioxide removed from the 
formation. 



4751. The method of claim 4699,Whereinproviding the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

4752. The method of claim 4699/ wherein providing the second synthesis gas generating 
fluid to the second portion of the/selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 

4753. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and hydrocartrbns having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected/to a reaction within the first portion of 
the selected section to increase a H2 concentration within the produced first synthesis gas. 

4754. The method of claim 4699, wherein th^ second synthesis gas generating fluid 
comprises water and hydrocarbons having catfbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration within the produced second 
synthesis gas. 



10 4755. The method of claim 4699, wherein the first synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
\l) least a portion of the hydrocarbons react/within the first portion of the selected section to 

m 

,1: 



increase an energy content of the produced first synthesis gas. 



15 4756. The method of claim 4699, wherein the second synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
P least a portion of the hydrocarbons jeact within a^/least the second portion of the selected 

III section to increase an energy content of the se^gfrid produced synthesis gas. 

n 

20 4757. The method of claim 4699' further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 



4758. The method of claim 4699, further comprising generating electricity from the 
25 blended synthesis gas using a fuel cell. 



4759. The method of claim/4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a potion of the separated carbon dioxide within a spent section of 
30 the formation. 
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4760. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



4761. The method of claim 4699, further comprising using a portion of the first 



5 synthesis gas as a combustion fuel forme 



4762. The method of claim 4699, 
synthesis gas as a combustion fuel \ 



me or more heat sources. 



^er comprising using a portion of the second 
ie or more heat sources. 
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10 4763. The method of claim 4699, ftirther comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



^764. A - method o f treating a coal fumra tien4n-siui ? j^ 

providing heat from one or more heat sources to at least a portion of the" 
formation; 

allowing the heat to transfer from the one or more heat sourcp^fo a selected 
section of the formation such that the heat from the one or morp^eat sources pyrolyzes at 
least some of the hydrocarbons within the selected sectionxff the formation; 
producing pyrolysis products from the formatidn; 

heating at least a portion of the selected s^dtion to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at le^t a portion of the selected section to generate 
synthesis gas having a selected H2 to/CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 



20 
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4765. The methpd of claim 4764, wherein the one or more heat sources comprise at 
least two he^tsources, and wherein superposition of heat from at least the two heat 
sources^yrolyzes at least some hydrocarbons within the selected section of the 
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4766, The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 2: 1 H2 to CO. / 



4161. Tha method of claim 4764, wherein the selected ratio is/€ontrolled to range from 
approximately 1.8:1 to approximately 2.2:1 H 2 to CO. / 

4768. The method of claim 4764, wherein the selected/ratio is controlled to be 
approximately 3 :\ H2 to CO. / 

4769. The method oXclaim 4764, wherein the Selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2 to CO. 

4770. The method of claim\4764, further comprising providing at least a portion of the 
produced synthesis gas to a aWsnsaple hydrocarbon synthesis process to produce 
condensable hydrocarbons. 1 \ / 

4771 . The method of claim 4¥70, wherein the condensable hydrocarbon synthesis 
process comprises a FischerArapsch jpfocess. 

4772. The method of claim 4771, further comprising cracking at least a portion of the 
condensable hydrocarj/ons to form middle distillates. 

4773. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4774. Thje method of claim 4764, further comprising providing at least a portion of the 
producer synthesis gas to a methanol-synthesis process to\produce methanol. 

47p. The method of claim 4764, further comprising providing at least a portion of the 
p/oduced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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le method of claim 4764, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantiall^utriformly increase a 
permeability of the selected section. 

4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a ]3£rfneability within the selected section of greater 
than about 100 millidarcy. 
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4778. The methocipfclaim 4764, further comprising heating at least the portion of the 
selected sectipn'when providing the synthesis gas generating fluid to inhibit temperature 
decreas^vrthin the_seleGted-sectron during synthesis gas generation. 





4779. The method of claim 476JF^nerein the temperature sufficient to allow synthesis 
gas generation is within a rang^irom^approximately 400 °C to approximately 1200 °C. 

► 780. The moth odn fLclaim 4764, wherein heating at least the p ortion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises 

heating zones adjacent to wellbores of one or moreheat^eurces with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to suppor^reSction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowingdie^oxidizing fluid to react with at least a portion of the hydrocarbon 
material witl^ki the zones to produce heat in the zones; and 

ansferring heat fr pm the. ?nnpg tn the gplertpH n n rttinn —I 



478 1 . The method oi claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature/of the portion. 




4782. The-ffletiSoffof claim 4764, wherein the one or more heat sources comprise one or 
tor^£l£cteGaJ^eaters^ispe^ 

4783. The method or claim 4764, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4784. The method of claim 47<pk wherein the one or more heat sources comprise one or 
more heater wells, wherein at l\§si pne heater well comprises a conduit disposed within 
the formation, and further \co^g^ing heating the conduit by flowing a hot fluid through 
the conduit. 



4785T~lhe method of claim 4764, wherein heating at least the portion of thesgl 
section to a temperature sufficient to allow synthesis gas generplieirlind providing a 
synthesis gas generating fluid to at least the portioj^efllie selected section comprises 
introducing steam into the portion. 



25 



4786. The metjietfof claim 4764, further comprising controlling the heating of at least 
the pOTtktff of selected section and provision of the synthesis gas generating fluid to 
laintain a temperature within at least the portion of the selected section above the 



"tempex^ture^ufficient to generate synthesis gas. 
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4787. The method of claim 4764, wja^ein the synthesis gas generating fluid comprises 
liquid water. / JY 
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4788. The method of claim 
steam. 



-thesis gas generating fluid comprises 



47E9~. TlKrmefHod^f ckirrH^ comprises 
water and^c^bon^dioxide, wherein the carbon dioxide inhibits production of carbon 
diojddgjD^-fe^- sclcctcd section. ^ 



4790. The method of claim 4789, wherein a ndrtion of the carbon dioxide within the 
synthesis gas generating fluid comprises caroon dioxide removed from the formation. 

479 1 . The method of claim 4^4/wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein aVmkion of the carbon dioxide reacts with carbon in the 
formation to generate carhem monoxide. 




4792. The methoefof claim 4791, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

^7- 9 3 . The meth o d of claim 4 764, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water^bleof the 
formation to allow water to flow into the at least the portion ofth€selected section. 



4794. The method of claim 4764, wherein the^yntnesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a Hs'concentration within the produced synthesis gas. 



4795. The method^of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
p^rtip^ re a^ t wi thi n at Ipast the porti o n of the selected section to 

Sasean energy content of the produced synthesis gas. 
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4796. The method of claim 4764, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

5 4797. The method of claim 4764, furtlf^comprising generating electricity from the 
synthesis gas using a fuel cell. 



10 
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4798. The method of claim 4764 5/ further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



47 99. The me thortDi claim 4764, fruitier comprising using a portion of the synthesizes 
as a combustion fuel for the one or more heat sources. 

4800. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least ajp<5rtion of the 

formation; 

allowing the heat to transfer from the one or mor^fieat sources to a selected 
section of the formation such that the heat from the oiie or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section of the formation; 

producing pyrolysis products from tb£ formation; 

heating at least a portion of the ^s^lected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperate in or proximate to a synthesis gas production well to 
generate synthesis gas haying a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to genejafe synthesis gas; and 

producing synthesis gas from the formation. 



30 
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480 1 . The method of claim 4800, wherein the one oijngreJieat^etHxres^c^prise at 
least two heat sources, andj^te^ixTsuperposition of heat from at least the two heat 
sources pyrel^es^at least some hydrocarbons within the selected section of the 
formation. 



4802. The method ofclaim 4800, wheyein the selected ratio is controlled to be 
approximately 2:1 H2to>CO. 



fss? 
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4803. The method of clainr4800/wherein the selected ratio is controlled to range from 
10 approximately 1 .8: 1 to approxihrately 2.2: 1 H 2 to CO. 

4804. The method of claim ^800, wijerein the selected ratio is controlled to be 
approximately 3:1 H2 to 

15 4805. The method of claim 4800, wherein me selected ratio is controlled to range from 
approximately 2.8: 1 to ^projdmately 3.2: 1 H\to CO. 

4806. The method or claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
20 condensable hydrocarbons. 



4807. The method of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

25 4808. The method of claim 4807, further comprising cracking least a portion of the 
condensable hydrocarbons to form middle distillates. 

4809. The method of claim 4800, further comprising providing at leafct a portion of the 
produced^synthesis gas to a catalytic methanation process to produce mejhane. 
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48 10. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



4811. The method of claim 4800, 
produced synthesis gas to a gas< 




prising providing at least a portion of the 
esis process to produce gasoline. 



The method of claim 4800, further comprising allowing the heat to transfer frorn^ 
the one or more heat sources to the selected section to substantially uniformljuncrease a 
permeability of the selected section. 

4813. The method of claim 4800, further conjprfsing controlling heat transfer from the 
one or more heat sources to produce a p^nfieability within the selected section of greater 
than about 100 millidarcy. 



48 14. The methpd"6f claim 4800, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
defease withinjhe^dbcted^e etion during synthe sis-gas^engmtion. 



4815. The method of claim 48 
gas generation is within 




the temperature sufficient to allow synthesis 
approximately 400 °C to approximately 1200 °C. 



4 816 , — The method of clai m AXOf^ wWpin hunting nt lofl s tt fhn pnrtirm rrP - fJ i n t in]or^ o A ^ 

section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more hejjt^tfurces with heaters 

disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 

zones to temperatures sufficient to support^re^ction of hydrocarbon material within the 

zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing th^xidizing fluid to react with at least a portion of the hydrocarbon 

material within the zon es to produce heat in the zone s; and 

transferringheat from the zones to the selected section. 



899 



Coniey, Rose & Tayon, P C. 



t 



130 



10 





15 



48 1 7. The method of claim/4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherem the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 




818. The method of clairrL^SOOr^Eerein the one or more heat sources comprise one or 
more dgctrieartieaters disposed in the formation. 



4819. The method of claim 4800, wherein the one or more heat sources comprises one 



or more natural distributor combustors. 



m 

E 
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^ic method of claim 480U, wherein the one or more heat sources comprise one < 
more heater wells, wherein at least one heater well comprises a conduit disposed v^tnin 
th^ formation, and further comprising heating the conduit by flowing a hot fjjuia through 
the conduit. 



25 



4821 . The method of claim 4800, wherein heating at leasUhe portion of the selected 
section to a temperature sufficient to allow synthesis sacs generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



30 



4822. The method of claim 4800, further comprising controlling the heating of at least 
the portion of selected^etftion and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature giiffirjffnt^ggnftratfl gynthpqjg gas 
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4823. The method Of rtatrry AgAft^uW^in l}ii~<?yiathpcig g^^gpnprating f\y\A comprises 

liquid- waterT 

4824. The metho^ of claim 4800, wherein the^ynthesis gas generating fluid comprises 
5 steam. 



15 



4825. The method of cl^ni4800, i ^erein the synthesis gas generating fluid comprises 
water and carbon dioxide. 



10 4826. The method of ck 

synthesis gas generating flifid com 



wherein a portion of the carbon dioxide within the 
rises carbon dioxide removed from the formation. 



4827. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wli^rein^ortion of t\e carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



Ill 



4828/ The method of claim 4827, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



le method of claim 4800, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table ortne 
formation to allow water to flow into the at least the portion of the selected section. 



4830. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
25 water and hydrocarbons having carbon nwpbers less than 5, and wherein at least a 

portion of the hydrocarbons are subje<5ted to a reaction within at least the portion of the 
selected section to increase afl^ concentration within the produced synthesis gas. 



483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comprises 
30 watepand hydrocarbons tenwt g ra r l^n m i mWrs gf ^at^ r th a n 4, a n d wherein at least a 
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portion of the hydrocmton^ of the selected section to 

incr ease^nenergy content of the produced synthesis gas. _ 



4832. The method of claim 4800, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and posing produced synthesis gas through a 
turbine to generate electricity. 

4833. The method of claim 4800, furt}jlery6oniprising generating electricity from the 
synthesis gas using a fuel cell. 

4834. The method of claim 4800, fdrthdr comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



5. The method of claim 4800, further comprisingusirT£ 
as a combustion fuelfor_the-o ne or mo re h e at sources. " 



>rtk«XjQflhe^ynthesis gas 



1^4836. A method of treating a coal /formation in situ, comprising: 

providing heat from one oy more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation sucl/tjiat the heat from the one or more heat sources pyrolyzes at 



least some of the hydrocarb^: 
producing pyrolysis 



s wiinin the selected section of the formation; 
Products from the formation; 
heating at least a pcph^nof^Ke selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H 2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 
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producirrg^ynthesis gas from the formation; 

pro vidiAg^a^ least a portion of the produced synthesis gas to a shift process 
wherein an am<Ant of cifrbon monoxide is converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H 2 to CO ratio. 



4837. The method of claim 4836, whetifein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

10 formation. 

4838. The method of claim 4836,/wherein the selected ratio is controlled to be 
approximately 2:1 H2to CO. 



15 4839. The method of claim 4836, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 HVto CO. 



Hi 4840. The method of claim 4/836, wherein the selected ratio is controlled to be 

m approximately 3:1 H2 to 

4841. The method of claim 4836, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2/l/H 2 to CO. 

4842. The method of claim 4836, further comprising providing at least a portion of the 
25 produced synthesis gas incondensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 



4843. The method of claim 4842, wherein the condensable hydrocarbon synthesis 
process comprises a FiJscher-Tropsch process. 
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4844. The method of claim 4843, further comprising ^racking at least a portion of the 
condensable hydrocarbons to form middle distillates, y 

4845. The method of claim 483 6, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4846. The method of claim 483 6 5 further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4847. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthes/s process to produce gasoline. 

4848. The method of claim 4836, further.comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 



4849. The method of claim 4836, further comprising controlling heat transfer from the 
one or more heat sources to pf&duce/a permeability within the selected section of greater 
than about 100 millidarcy. / 

4850. The method of claim 4836, further comprising heating at least the portion of the 
selected section when providing/ the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section dimng synthesis gas generation. 



485 1 . The method of claim/ 4836, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4852. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support/reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluictftcfthe zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
5 material within the zones to produce meat u/the zones; and 
transferring heat from the zones to tile selected section. 

if /j$3 4853. The metho</of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
10 introdumng an oxidizing fluid into the formation through a wellbore; 

trans porting the oxidizing fluid substantially by convection into the portion of the 
selected seoflion, wherein the portion of the selected section is at a temperature sufficient 
to support/an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
1 5 heat an/l raise the temperature of the portion. 




25 
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4854. The method of claim 4836, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4855. The method ot claim 4836, wherein the one or more heat sources comprises one 
or more natural disWbuf^r combustors. 

4856. The method of claim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least/one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



4857. The method of clai: 
section to a temperature su^ 
synthesis gas generating fhi 



4#36, wherein heating at least the portion of the selected 
fluent t</ allow synthesis gas generation and providing a 
least the portion of the selected section comprises 



introducing steam into the portion. 
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4858. The method of claim 4836, further-eohiprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the^portipn of the selected section above the 
temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein the /synthesis gas generating fluid comprises 
liquid water. 



m 
\" 
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10 4860. The method of claim 4836, wherein tip synthesis gas generating fluid comprises 
steam. 

4861 . The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
15 dioxide from the selected section. 



4862. The method of claim 4861, wWrein 
synthesis gas generating fluid comprises c 



20 4863. The method of claim 4836, 



a portion of the carbon dioxide within the 
bon dioxide removed from the formation. 



perein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of thp^rbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4864. The method of claim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



30 



4865. The method of claim 4836, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 
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4866. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration wfthin the produced synthesis gas. 
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4867. The method of claim 4836, wherein the/synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4868. The method of claim 4836, further comprising maintaining a pressure within the 
formation during synthesis gas generatiqn, and passing produced synthesis gas through a 
turbine to generate electricity. 



15 4869. The method of claim 4 
synthesis gas using a fuel cell 



20 




3 6, /further comprising generating electricity from the 



4870. The method of claim 4836/ further comprising generating electricity from the 
synthesis gas using a fuel cell, sbpanjting carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 
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4871. The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the ©ne or more heat sources. 

4872. A method of forming a spent portion of formation within a coal formation, 
comprising: 

heating a first portion of thfe formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion 
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4873. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 



4874. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from ondor more natural distributor combustors. 



4875. The method of claim 4872, wherem heating the first portion comprises 
transferring heat to the first portion from/one or more flameless distributor combustors. 

4876. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion frybm heat transfer fluid flowing within one or more 
wellbores within the formation. 

4877. The method of claim 4876/ wherein the heat transfer fluid comprises steam. 

4878. The method of claim 48^6, wherein the heat transfer fluid comprises combustion 
products from a burner. 

4879. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the baseyheater unit is formed of a number of heater wells. 

4880. The method of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 



488 1 . The method of £laim 4879, further comprising removing fluid from the formation 
through one or more production wells. 
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I 4882. The method of claim 4881 , wherein the one or more production wells are located 
\ in a pattern, and wherein the one or more production wells are positioned substantially at 
A centers of base heater units. / 

5 4883. The method of claim 4879, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equila/eral triangle. 

4884. The method of claim 4879, wherein/the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. 



10 

4885. The method of claim 4879, whe/ein the heater unit comprises five heater wells 
positioned substantially at apexes of a/regular pentagon. 

4886. The method of claim 4879, wherein the heater unit comprises six heater wells 
•P 15 positioned substantially at apexes <ff a regular hexagon. 

m 



4887. The method of claim 487£, further comprising introducing water to the first 
portion to cool the formation. 



20 4888. The method of claim ^872, further comprising removing steam from the 
formation. 

4889. The method of claiik 4888, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 



4890. The method of cjfaim 4872, further comprising removing pyrolyzation products 
from the formation. 



4891 . The method of/claim 4872, further comprising generating synthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 
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4892. The method of claim 4872, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
fluid from the second portion, and storing a portibri of the removed pyrolyzation fluid 
5 within the first portion. / ! 



4893. The method of claim 4892, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process ihe portion of the removed pyrolyzation fluid. 

4894. The method of claim 4892, former comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from the first portion. 

4895. The method of claim 4872, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 

4896. The method of claim 48j95, wherein the portion of the removed synthesis gas from 
the second portion are stored ^ithin the first portion when surface facilities that process 
the removed synthesis gas are/ not able to process the portion of the removed synthesis 
gas. 

4897. The method of claim 4895, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 

4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material in the first portion. 



4899. The method of c 
carbon containing material 



aim 4898, further comprising using at least a portion of the 
ial removed from the formation in a metallurgical application. 
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4900. The method of claim 4899, wherein the metallurgical application comprises steel 
manufacturing. 

' / 

4901 . A method of sequestering carbon dioxidfe within a coal formation, comprising: 
heating a portion of the formation to ii|6rease permeability and form a 

substantially uniform permeability within the/portion; 
allowing the portion to cool; and 
storing carbon dioxide within the pdrtion. 
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1 0 4902. The method of claim 490 1 , where/n the permeability of the portion is increased to 
over 100 millidarcy. 

4903. The method of claim 4901 , further comprising raising a water level within the 
portion to inhibit migration of the carbon dioxide from the portion. 

15 

4904. The method of claim .4901, further comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 

4905. The method of claim 4901, further comprising pyrolyzing hydrocarbons within 
20 the portion during heating of th^f portion, and removing pyrolyzation product from the 

formation. 
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4906. The method of claim 4901, further comprising producing synthesis gas from the 
portion during the heating of me portion, and removing synthesis gas from the formation. 

4907. The method of claim/490 1 , wherein heating the portion comprises: 

heating hydrocarbon! material adjacent to one or more wellbores to a temperature 
sufficient to support oxidation of the hydrocarbon material with an oxidizing fluid; 

introducing the oxidizing fluid to hydrocarbon material adjacent to the one or 
more wellbores to oxidize fc ydrocarbons and produce heat; and 

conveying producec heat to the portion. 
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4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one or more wells comprises electrically heating the hydrocarbon material. 



4909. The method of claim 4907, wherein/me temperature sufficient to support 



oxidation is in a range between approximately 200°C to approximately 1200 °C. 

49 1 0. The method of claim 490 1 , whprein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 

491 1 . The method of claim 491 0/ wherein the heat transfer fluid comprises combustion 
products from a burner. / 

4912. The method of claim 4010, wherein the heat transfer fluid comprises steam. 

49 1 3 . The method of claim 490 1 , further comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 

49 1 4. The method of claim 490 1 , further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. / 

49 1 5. The methocy of claim 490 1 , further comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

49 1 6. The method of claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 

4917. The metpod of claim 4901, wherein at least a portion of the carbon dioxide 
comprises carb :>n dioxide formed as a combustion product. 



/ 
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49 1 8. The method of claim 490 1 , further comprising allowing the portion to cool by 

introducing water to the portion; and removing the water from the formation as steam. 

/ 

4919. The method of claim 491 8, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. 
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4920. The method of claim 4901, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

492 1 . The method of claim 490 1 , wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream/from the formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of me adsorbed carbon dioxide in the second stream. 

4922. The method of claim 4901, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 



25 



4923. The method of/claim 4901, further comprising providing heat from three or more 
heat sources to at leas/t a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



4924. The methon of claim 4901, further comprising providing heat from three or more 
heat sources to at/least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a coal formation in 
situ, comprising: 

providing heat from one or more heat sources to at least a first portion of the 

5 formation; / 

/ 

allowing the heat to transfer from onje or more sources to a selected section of the 
formation such that the heat from the one <fr more heat sources pyrolyzes at least some 
hydrocarbons within the selected section/of the formation; 

producing pyrolyzation fluids, yherein the pyrolyzation fluids comprise carbon 
10 dioxide; and 

storing an amount of carbon dioxide in the formation, wherein the amount of 
stored carbon dioxide is equal to or/greater than an amount of carbon dioxide within the 
pyrolyzation fluids. 

15 4926. The method of claim 4925, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least soyne hydrocarbons within the selected section of the 
formation. 

20 4927. The method of cl^m 4925, wherein the carbon dioxide is stored within a spent 
portion of the formation/ 



25 



4928. The method of/claim 4925, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4929. The method/of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 



30 4930. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid for the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. / 

\ 

493 1 . The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using tjie carbon dioxide to displace 
hydrocarbon bed methane. 



(» 



4932. The method of claim 493 1, wherein me hydrocarbon bed is a deep hydrocarbon 
10 bed located over 760 m below ground surface. 

4933. The method of claim 493 1 , furtljer comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 
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4934. The method of claim 4925, flxrther comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell. 



Ill 
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4935. The method of claim 49^4, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by the fuel cell within the formation. 



25 



4936. The method of claim 4925, wherein a spent portion of the formation comprises 
carbon containing materiay within a section of the formation that has been heated and 
from which hydrocarbon^have been produced, and wherein the spent portion of the 
formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. 



30 



4937. The method of claim 4925, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 
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4938. The method of claim 4925, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 

A 

4939. The method of claim 4925, wherein producing fluids from the formation 

5 comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating flu^fl into the selected section; and removing 
synthesis gas from the formation. 

4940. The method of claim 4939, wherein the temperature sufficient to generate 
10 synthesis gas ranges from about 400 °C id about 1200 °C. 



15 
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494 L The method of claim 4939, wherein heating the selected section comprises 
introducing an oxidizing fluid into the/selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4942. The method of claim 4939, Avherein heating the selected section comprises: 

heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation oivthe hydrocarbon material with an oxidant; 

introducing the oxidant to hydrocarbon material adjacent to the one or more 

wellbores to oxidize hydrocarbons and produce heat; and 
conveying produced heat to the portion. 



25 



4943. The method of claim/4925, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of tme spent portion. 



4944. The method of clajirri 4925, wherein the one or more heat sources comprise 
electrical heaters. 



30 4945. The method of claim 4925, wherein the one or more heat sources comprise 
flameless distributor combustors. 



9 1 6 Conley, Rose & Tayon, P.C. 



4946. The method of claim 4945, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained^ from the formation. 



4947. The method of claim 4925, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 



4948. The method of claim 4947, ^erein the heat transfer fluid comprises combustion 
products. 

4949. The method of claim 494/^, wherein the heat transfer fluid comprises steam. 

4950. The method of claim 4025, wherein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
produced fluids through a turbine. 

495 1 . The method of clajta 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thjb formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4952. The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4953. A method for in situ production of energy from a coal formation, comprising: 



providing 
formation; 



Leat from one or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation; 

producing pyrolysis products from/the formation; 

providing at least a portion of thef pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas ffom the reformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 
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4954. The method of claim/4953, wherein the one or more heat sources comprise at 
least two heat sources, andnvherein superposition of heat from at least the two heat 
sources pyrolyzes at least/some hydrocarbons within the selected section of the 
formation. 

4955. The method otf claim 4953, wherein at least a portion of the pyrolysis products are 
used as fuel in the reiormer. 

4956. The methocj of claim 4953, wherein the synthesis gas comprises carbon dioxide 
and H2. 



4957. The metljod of claim 4953, wherein the subsurface formation is a spent portion of 
25 the formation. 

4958. The method of claim 4953, wherein the subsurface formation is an oil reservoir. 



4959. Themkhod 
30 as a drive flui< 



of claim 4958, wherein at least a portion of the carbon dioxide is used 
for enhanced oil recovery in the oil reservoir. 



\ 
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4960. The method of claim 4953, wherein the subsurface formation is a second coal 

formation. / 

/ 

/ 

4961 . The method of claim 4960, wherein the second coal formation is located greater 
than about 760 m below ground surface. 

4962. The method of claim 4960, wherein at least a portion of the carbon dioxide is used 
to produce methane from the second coal formation. 
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10 4963. The method of claim 4962, further comprising sequestering at least a portion of 
the carbon dioxide within the second coal formation. 

4964. The method of claim 4953, wheyein the reformer produces a reformer carbon 
dioxide containing exit stream. 

15 

4965. The method of claim 4963, fiurther comprising storing at least a portion of the 
carbon dioxide in the reformer carl/on dioxide containing exit stream in the subsurface 
formation. 

20 4966. The method of claim 49p5, wherein the subsurface formation is a spent portion of 
the formation. 



4967. The method of claim A965, wherein the subsurface formation is an oil reservoir. 

25 4968. The method of claim 4967, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 



4969. The method of clfiim 4965, wherein the subsurface formation is a second coal 
30 formation. 



919 



Conley, Rose & Tayon, P.C. 



4970. The method of claim 4868, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 

second coal formation. / 

< 7 

/ 

4971 . The method of claim 4970, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
second coal formation. / 

4972. The method of claim 4969, wherein the second coal formation is located greater 
than about 760 m below ground surface. / 

4973. The method of claim 4953, whprein the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 4953, wherein the fuel cell is a solid oxide fuel cell. 

4975. The method of claim 495 3, further comprising using a portion of the produced 
electricity to power electrical heiters within the formation. 

4976. The method of claim 4053, further comprising using a portion of the produced 
pyrolysis products as a feed scream for the fuel cell. 

4977. The method of claim 4953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4978. The method of claim 4953, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4979. The method of/claim 4978, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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4980. The method of claim 4953, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 



the conduit. 
y 



\ 

498 1 . The method of claim 4953, further (^uprising using a portion of the synthesis gas 
as a combustion fuel for the one or more tfeat sources. 



4982. A method for producing ammonia using a coal formation, comprising: 
10 separating air to produce an O2 rich stream and a N2 rich stream; 

heating a selected section of Ahe formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O2 rich 
stream to the selected section; 
15 allowing the synthesis gks generating fluid and O2 in the O2 rich stream to react 

with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas; 

producing synthesis £as from the formation, wherein the synthesis gas comprises 
H 2 and CO; 

20 providing at least $ portion of the H2 in the synthesis gas to an ammonia synthesis 

process; 

providing N2 to me ammonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 



25 4983. The method oij/claim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis prbcess is approximately 3:1. 



30 



4984. The method ©f claim 4982, wherein the ratio of the H2 to N2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C./ 



5 4986. The method of claim 4982, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4987. The method of claim 4986, wherein/the carbon dioxide is separated from the 
synthesis gas by an amine separator. 



4988. The method of claim 4987, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 

4989. The method of claim 4982, wherein at least a portion of the N 2 stream is used to 
condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 498£, wherein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 



20 499 1 . The method of claim 4982, wherein the air is separated by cryogenic distillation. 

4992. The method of claim 4982, wherein the air is separated by membrane separation. 

4993. The method of claim 4982, wherein fluids produced during pyrolysis of a coal 
25 formation comprise ammpnia and, further comprising adding at least a portion of such 

ammonia to the ammonia generated from the ammonia synthesis process. 



30 



4994. The method of tflaim 4982, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and, further comprising adding at least a portion of such ammonia to the ammonia 
generated from the an monia synthesis process. 
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4995. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4996. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce wrea and, further comprising providing 
carbon dioxide from the formation to the ureaiynthesis process. 

4997. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portioj* of the carbon dioxide from the shift process to the 
urea synthesis process. 

4998. The method of claim 4982( wherein heating the selected section of the formation 
to a temperature to support react/on of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacentfto wellbores of one or more heat sources with heaters 
disposed in the wellbores, wMerein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the C^rich stream; 

introducing the Ovto the zones substantially by diffusion; 

allowing O2 in the O2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

4999. The method of claim 4998, wherein temperatures sufficient to support reaction of 
hydrocarbon within pie zones with O2 range from approximately 200 °C to approximately 
1200 °C 
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5000. The method of claim 4998, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 



5001 . The method of claim 4998, wherein the one or more heat sources comprises one 
or more natural distributor combustors. , 
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5002. The method of claim 4998, wherein tpe one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising hea/ing the conduit by flowing a hot fluid through 

10 the conduit. 

5003. The method of claim 4998, Wher comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

15 5004. The method of claim 49827 wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

introducing the 0 2 rich skream into the formation through a wellbore; 
transporting O2 in the ©2 rich stream substantially by convection into the portion 
20 of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 



25 5005. The method of claim 5005, wherein the temperature sufficient to support an 
oxidization reaction with/0 2 ranges from approximately 200 °C to approximately 1200 
°C. 



5006. The method of olaim 5005, wherein the one or more heat sources comprises one 
30 or more electrical heaters disposed in the formation. 
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1 5007. The method of claim 5005, wherein the one or more heat sources comprises one 
] or more natural distributor combustors. 

r 

5008. The method of claim 5005, wherein the one 0r more heat sources comprise one or 
more heater wells, wherein at least one heater weiycomprises a conduit disposed within 
the formation, and further comprising heating th^ conduit by flowing a hot fluid through 
the conduit. 



5009. The method of claim 5005, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5010. The method of claim 4982, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at leasy the portion of the selected section above the 
temperature sufficient to generate swithesis gas. 

501 1 . The method of claim 498^( wherein the synthesis gas generating fluid comprises 
liquid water. 

5012. The method of claim 4^82, wherein the synthesis gas generating fluid comprises 
steam. 

5013. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



5014. The method of cjaim 5013, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5015. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



5 5016. The method of claim 5015, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5017. The method of claim 4982, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at lekst the portion of the selected section. 



501 8. A method for producing ammonia using a coal formation, comprising: 

generating a first ammonia feed stream from a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation, 
15 wherein the second ammonia feed stream has a H 2 to N 2 ratio greater than a H 2 to N 2 ratio 

of the first ammonia feed stream; 

blending at least a portion of Ahe first ammonia feed stream with at least a portion 

of the second ammonia feed streanyto produce a blended ammonia feed stream having a 

selected H 2 to N 2 ratio; 

20 providing the blended aminonia feed stream to an ammonia synthesis process; and 

using the ammonia syntl/esis process to generate ammonia. 



5019. The method of claim 5018, wherein the selected ratio is approximately 3:1. 

25 5020. The method of claim pOl 8, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2: li 



30 



5021. The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the first Ammonia feed stream from at least a portion of the first 
ammonia feed stream. 
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5022. The method of claim 5021, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5023. The method of claim 5022, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5024. The method of claim 501 8, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feecy stream from at least a portion of the blended 
ammonia feed stream. 

5025. The method of claim 5024, where/in the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5027. The method of claim 501 8/ further comprising separating at least a portion of 
carbon dioxide in the second amiponia feed stream from at least a portion of the second 
ammonia feed stream. 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
second ammonia feed streamioy an amine separator. 

5029. The method of claim 5028, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 



5030. The method of claim 5018, wherein fluids produced during pyrolysis of a coal 
formation comprise ammpnia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 



\ 
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503 1 . The method of claim 501 8, wherein fluids produced during pyrolysis of a coal 

formation are hydrotreated and at least some ammonia is produced during hydrotreating, 

i 

and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



5032. The method of claim 5018, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5033. The method of claim 501 8, further comprising providing at least a portion of the 
ammonia to a urea synthesis processAo produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5034. The method of claim 501s, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further aomprising providing at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 



5035. A method for producing ammonia using a coal formation, comprising: 

heating a selected section of the formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ramo of H2 to N2; 

allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas having a selected ratio of H2 to N2; 

producing the synthesis gas from the formation; 

providing at l^ast a portion of the H2 and N2 in the synthesis gas to an ammonia 
synthesis process; 

using the amifnonia synthesis process to generate ammonia. 
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5036. The method of claim 5035, further comprising controlling a temperature of at 
least a portion of the selected section to generatje synthesis gas having the selected H2 to 
N2 ratio. 




5037. The method of claim 5035, wherein ythe selected ratio is approximately 3:1. 
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5038. The method of claim 5035, wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. 

5039. The method of claim 5035, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formzrcion to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 



.{» 15 5040. The method of claim 5035, wherein the O2 stream and N2 stream are obtained by 
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cryogenic separation of air. 
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5041 . The method of claim 5y35, wherein the O2 stream and N2 stream are obtained by 
membrane separation of air. 

5042. The method of claim/5035, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 



5043. The method of claim 5042, wherein the carbon dioxide is separated from the 
25 synthesis gas by an amine/separator. 



5044. The method of cliim 5043, further comprising providing at least a portion of the 



carbon dioxide to a urea 



synthesis process. 
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5045. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ^mmonia synthesis process. 

5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5047. The method of claim 5035, furper comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5048. The method of claim 5035, iurther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urearaynthesis process. 

5050. The method of claim 5035, wherein heating a selected section of the formation to 
a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: / 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellborep, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with 0 2 in the O2 rich stream; 

introducing the 0 2 to the zones substantially by diffusion; 



930 



Conley, Rose & Tayon, P C. 



m 



cist 

u 



t 



allowing 0 2 in the 0 2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

A 

5 505 1 . The method of claim 5050, wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zones with/6 2 range from approximately 200 °C to 
approximately 1200 °C. 

5052. The method of claim 5050, wherein the one or more heat sources comprises one 
10 or more electrical heaters disposed in me formation. 

O I 

jfi 5053. The method of claim 5050, wherein the one or more heat sources comprises one 

5 K or more natural distributor combusftors. 



15 5054. The method of claim 5030, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
II the conduit. 



20 5055. The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for thk one or more heat sources. 

5056. The method of claim 5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
25 synthesis gas comprises' 

introducing the fo 2 rich stream into the formation through a wellbore; 
transporting Oi in the 0 2 rich stream substantially by convection into the portion 
of the selected sectioru wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with 0 2 in the 0 2 rich stream; and 
30 reacting the 0 2 within the portion of the selected section to generate heat and raise 

the temperature of tlje portion. 
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5057. The method of claim 5056, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. 

5058. The method of claim 5056, wherein me one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 



13 
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5059. The method of claim 5056, wherein the one or more heat sources comprises one 
10 or more natural distributor combustorsi 

5060. The method of claim 5056, wherein the one or more heat sources comprise one or 
more heater wells, wherein at leas/ one heater well comprises a conduit disposed within 
the formation, and further compr/sing heating the conduit by flowing a hot fluid through 

15 the conduit. 
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5061 . The method of claim 5056, further comprising using a portion of the synthesis gas 
as a combustion fuel for the/one or more heat sources. 

20 5062. The method of claim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient tp generate synthesis gas. 



25 5063. The method oi claim 5035, wherein the synthesis gas generating fluid comprises 
liquid water. 

5064. The method/of claim 5035, wherein the synthesis gas generating fluid comprises 
steam. 

30 
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5065. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. . 



5066. The method of claim 5065, wherein A portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5067. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portionyof the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5068. The method of claim 5067,/wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5069. The method of claim 50B5, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to now into the at least the portion of the selected section. 

5070. A method for producing ammonia using a coal formation, comprising: 
providing a first stream comprising N2 and carbon dioxide to the formation; 
allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 

formation; / 

producing a second stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of the N2 in the second stream to an ammonia 
synthesis process. / 

5071 . The method ©f claim 5070, wherein the second stream comprises H2 from the 
formation. 
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5072. The method of claim 5070, wherein the first stream is produced from the coal 
formation. 



5073. The method of claim 5072, wherein the first stream is generated by reacting a 
oxidizing fluid with hydrocarbon material in the formation. 



5074. The method of claim 5070, whe/ein the second stream comprises H 2 from the 
formation and, further comprising providing such H 2 to the ammonia synthesis process. 

5075. The method of claim 5070, Joirther comprising using the ammonia synthesis 
process to generate ammonia. 

5076. The method of claim 50#5, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5077. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising apding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5078. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5079. The methodfof claim 5075, further comprising providing at least a portion of the 
ammonia to a urea/synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5080. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
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process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



508 1 . A method for treating hydrocarbons in at least a portion of a coal formation, 

wherein the portion has an average permeability of less than about 10 millidarcy, 

/ 

comprising: / 

providing heat from one or mop heat sources to the formation; 
allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 
producing a mixture comprising hydrocarbons from the formation. 

5082. The method of claim 608 1 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 

5083 . The method of/claim 5081, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation wherein the thermal fractures substantially increase the 
permeability of the selected section. 

5084. The method of claim 5081, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. / 



5085. The method 
comprises an 



of claim 5081, wherein at least one of the one or more heat sources 
eldctrical heater located in the formation. 
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5086. The method of claim 5081, wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5087. The method of claim 5081, wherein at least some of the heat sources are arranged 
in a triangular pattern. / 

5088. The method of claim 508 1 /further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure iiyat least a portion of the formation to control the 
composition of the produced mixture. 

5089. The method of claim 5088, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5090. The method of claim 5088, wherein the pressure is controlled such that pressure 
proximate to the one or/more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5091 . A method for /treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: / 

providing hkat from one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vaporizes at least a portion of the hydrocarbons in the selected section; 
and 

producin \ a mixture comprising hydrocarbons from the formation. 
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5092. The method of claim 5091, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selected section. 



5093. The method of claim 5091, further comprising allowing heat to transfer from at 
least one of the one or more heat sources id the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 

5094. The method of claim 5091, wnerein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 

5095. The method of claim 5001, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5096. The method of clainy5091, wherein at least one of the one or more heat sources is 
located in a heater well, ana wherein at least one of the heater wells comprises a conduit 
located in the formation, ^nd further comprising heating the conduit by flowing a hot 
fluid through the conduit; 

5097. The method of cjflaim 5091, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5098. The method of claim 509 1 , further comprising: 

monitoring a Composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the composition of 
the produced mixture. 
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5099. The method of claim 5098, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5100. The method of claim 5098, wherein the Pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5101. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: 

providing heat from one or n^6re heat sources to the formation, wherein at least 
one of the one or more heat sources/is located in a heater well; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such thay heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion oy the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more of the heater sources. 

5 1 02. The method of claim 5101, wherein the one or more heat sources comprise at 
least two heat sources, anp wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/t some hydrocarbons within the selected section of the 
formation. 

5 1 03 . The method on claim 5101, further comprising producing fluid from at least one 
of the one or more heat sources. 



5 1 04. The method bf claim 5101, further comprising allowing heat to transfer from at 
least one of the one/or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 



permeability of th< 



selected section. 
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5105. The method of claim 5101, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 



5106. The method of claim 5101, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 



lass 1 
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5 1 07. The method of claim 5101, wherein at least one of the one or more heat sources is 
10 located in a heater well, and wherein art least one of the heater wells comprises a conduit 
located in the formation, and further ycomprising heating the conduit by flowing a hot 
fluid through the conduit. 



IX) 
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5 1 08. The method of claim 5 1 0 y, wherein at least some of the heat sources are arranged 
15 in a triangular pattern. 

5 1 09. The method of claim 5101, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure/ in at least a portion of the formation to control the 

20 composition of the producea mixture. 



5110. The method of claim 5 1 09, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



25 5111. The method of claim 5 1 09, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 
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Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability o^F less than about 10 millidarcy, 
comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected first 
section of the formation such that heat from me heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from the one or more heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 
hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zone/ and 

producing a mixture comprising hydrocarbons from the formation. 

5113. The method of claim 5 1 1 2/wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 
average temperature within the pyrolysis zone. 

5114. The method of claim 5112, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5115. The method of claim 51 12, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 



5116. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or /more heat sources to the selected first section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected first section. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected second section. 

/ 

/ 

/ 

5118. The method of claim 5112, wherein the/heat is provided such that an average 
temperature in the selected first section range/ from approximately about 270 °C to about 
400 °C. 

5119. The method of claim 5112, wherein the heat is provided such that an average 
temperature in the selected second section ranges from approximately about 180 °C to 
about 250 °C. 



15 5120. The method of claim 5112, wherein a viscosity of at least some of the 
hydrocarbons in the selected secon^ section ranges from approximately about 20 
centipoise to about 1000 centipoisd 

5121. The method of claim 5 1 111, wherein at least one of the one or more heat sources 
20 comprises an electrical heater located in the formation. 

5 1 22. The method of claim 5112, wherein at least one of the one or more heat sources is 
located in a heater well, and, wherein at least one of the heater wells comprises a conduit 
located in the formation, anp further comprising heating the conduit by flowing a hot 

25 fluid through the conduit. 

5 1 23 . The method of claim 5112, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

30 composition of the produced mixture. 
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5 124. The method of claim 5123, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5125. The method of claim 5123, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is/greater than a pressure proximate to a 
location where the fluid is produced. 



U 

m 



5126. The method of claim 5122, wherein the pressure in the selected second section is 
substantially greater than the pressure /n the selected first section. 

10 

5 127. The method of claim 5112, )vherein at least some of the heat sources are arranged 
in a triangular pattern. 

5128. The method of claim 5li2, wherein an average distance between heat sources in 
15 the selected first section is les^ than an average distance between heat sources in the 

selected second section. 

5 129. The method of claiAi 5112, wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

20 

5130. The method of cjliaim 5112, wherein the selected first section comprises at least 
one production well. 

5131. The method ojf claim 5112, wherein the selected first section comprises a planar 
25 region. 

5132. The method of claim 5112, wherein at least one row of the heat sources provides 
heat to the planar region. 



30 5133. The method of claim 5112, wherein at least one ring comprising the heat sources 
provides heat to tl le selected first section. 
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5 1 34. The method of claim 5133, wherein at least one ring comprising the heat sources 
provides heat to the selected second section. 

! 

5 135. The method of claim 5133, wherein the rh/g comprises a polygon. 

5136. The method of claim 5133, wherein the' ring comprises a regular polygon. 

5 137. The method of claim 5133, wherein/the ring comprises a hexagon. 

5138. The method of claim 5133, wherein the ring comprises a triangle. 

5139. A method for treating hydrocaybons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: 

providing heat from three o/r more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
arranged in a substantially triarigular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 



5 1 40. The method of clairr/ 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at le£st some hydrocarbons within the selected section of the 
formation. 



5141. The method of clg/im 5139, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 

5142. The method of claim 5139, further comprising allowing heat to transfer from at 
least one of the one or rhore heat sources to the selected section to create thermal 
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fractures in the formation, wherein the thermal fractures substantially increase ihe 
permeability of the selected section. 



10 



15 



20 



5 143. The method of claim 5139, wherein the heat is provided such that an average 
temperature in the selected section ranges fro^i approximately about 270 °C to about 400 

°f / 

C. . f 

5 144. The method of claim 5 139, where/in at least one of the one or more heat sources 
comprises a electrical heater located in me formation. 



5 145. The method of claim 5139, wherein at least one of the one or more heat sources is 
located in a heater well, and whereiA at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5146. The method of claim 5/139, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5147. The memou of dairr/ 5139, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a press/ire in at least a portion of the formation to control the 

composition of the prodded mixture. 

5148. The method of claim 5147, wherein the pressure is controlled by a valve 
25 proximate to a location/where the mixture is produced. 



30 



5 149. The method oflclaim 5147, wherein the pressure is controlled such that pressure 
proximate to the one 6r more heat sources is greater than a pressure proximate to a 
location where the fit id is produced. 
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